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MULTI-PART SEISMIC CABLE 



1. FIELD OF THE INVENTION 

This invention relates generally to seismic cable systems, and, more particularly, to a 
robust and reliable seismic cable system. 

2 DESCRIPTION OF THE RELATED ART 

Subsurface hydrocarbon accumulations are increasingly found in geologically 
complex areas. The ability to conduct accurate seismic surveys may help improve the 
discovery rates and even the production of such accumulations. Seismic surveying is a 
method of stimulating a geological subsurface formation with, e.g., electrical, magnetic, 
and/or acoustic signals to acquire seismic data about the formation. From this data, one can 

s 

predict tell whether the formation contains hydrocarbon deposits v and, if so, where. 

One type of seismic survey is generally referred to as a "marine" survey because it is 
typically conducted at sea, although this is not necessarily always the case. During marine 
seismic surveys, seabed seismic cable systems are deployed to the bed of a sea, lake, river, or 
marsh. The water depth may range from several thousand meters up to the water/land 
transition zone. Water currents of considerable speed may pass over the cable system and 
create instability and deterioration of the seismic data quality. 

Seabed seismic cable systems generally are designed to meet two conflicting goals. 
First, the cable system must be robust and resistant to damage. For example, the cable 
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system must survive and operate at great water depth. Also, the cable system may be roughly 
handled during deployment and retrieval. Second, the cable system should be sensitive to 
acoustic vibrations and not compromise the quality of data recorded by the sensor units. 

Although there are several types of seabed seismic cables, there are generalities in 
construction. A seabed seismic cable includes three main elements: stress members, leads, 
and a sheath. One or several stress members take the tension that can be applied to the 
seabed seismic cable during deployment and retrieval operations to protect other elements of 
the cable. The leads, which may be electrical or optical, transmit power and/or data, in 
analog or digital format, along the cable for collection and processing, e.g. y on a survey 
vessel. The sheath is a skin, jacket or extrusion matrix protecting the seabed seismic cable 
against, notably, water ingress. 

One type of seabed cable is known as an "ocean bottom cable" ("OBC"), and is 
typically equipped with "takeouts." A full length of conventional OBC is seismic built, the 
jacket is then opened at the location were the sensors are located, and leads are extracted 
from the cable to form a take-out and connected to the sensors. The sensors are then attached 
to the cable. 

These types of cable are prone to water intrusion, electrical leakage, and wire kinking, 
as the take-outs are submitted to a high level of strain during cable handling. These cables 
usually have an asymmetric cross-section at the sensors, and the response will change 
depending on how the sensors rest on the scafloor. These types of cables also expose the 
seismic receivers and the takeouts to a number potentially damaging obstacles on the seabed, 
thereby reducing the reliability of the collected data. Furthermore, because the takeouts are 
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extracted from the cable and not a separate component, the entire cable may need to be 
replaced if the takeouts are damaged, which can be expensive and time-consuming. 

Improvements to this type of apparatus appear in U.S. Patent No. 6,294,727 to Orlean, 
which provides for an "overmolding" of the cable and the sensor units. Improvements also 
appear in U.S. Patent and 6,333,898 to Knudsen et aimd U.S. Patent No. 6,041,282 to 
Wardeberg et al (collective referred as "steel armored cables"), which provide for a 
preparation of steel armored cable without takeouts. However, the Orlean and steel armored 
cables still suffer from the drawbacks mentioned above, including water intrusion, electrical 
leakage, and wire-kinking. Furthermore, the Orlean and steel armored cables usually suffer 
from the asymmetric cross-section at the sensor units. 

Another type of seabed seismic cable system is commonly referred to as a logging 
type cable. Logging type cables typically have a full electrical/optical termination at each 
sensor unit, resulting in a high number of connection points. Ti?e high number of connection 
points negatively impacts the cable's reliability. Furthermore, the increased number of 
terminations makes the sensor unit large and heavy, which negatively impacts data quality. 

Yet another type of seabed seismic cable system comprises conventional cables with 
sensor units integrated inside a protective cable jacket. One variation is known as a "streamer 
type" cable. The. streamer type cable is an evolution of a towed seismic streamer for 
deployment on the seabed. The streamer type, cable comprises spacers, sensor units, and a 
filler, which usually is oil. The streamer type cable has a constant diameter and therefore 
occupies a large volume when stored. An alternative variation is known as a "solid cable." 
One example of the solid cable is shown in U.S. Patent No. 6,333,897 to Knudsen et «/., 
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which can be produced with a constant diameter or a variable diameter. Both the constant 
diameter and the variable diameter cables pose potentially serious drawbacks. The cable with 
a constant diameter is extremely large, heavy and stiff. The cable with a variable diameter is 
difficult to manufacture. 

The present invention is directed to overcoming, or at least reducing the effects of, 
one or more of the problems set forth above. 

SUMMARY OF THE INVENTION 

The invention comprises a seismic cable and a method for assembling such a seismic 
cable. The apparatus comprises seismic cable including a support cable and a signal cable 
attached to the support cable at a plurality of points spaced along the length of the signal 
cable. The seismic cable also includes at least one sensor module disposed on the signal 
cable. The method includes attaching a support cable to a signal cable at a plurality of points 
spaced along the length thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the following description taken in 
conjunction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 

FIG. 1 illustrates a seismic survey vessel from which a seismic cable constructed and 
operated in accordance with the present invention is deployed; 
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FIG. 2A to FIG. 2C illustrate a first embodiment of the seismic cable of FIG. 1 in 
accordance with the present invention wherein: 

FIG. 2A illustrates in a partially sectioned view of the seismic cable of FIG. 
1, in accordance with one embodiment of the present invention; 
FIG. 2B illustrates the support cable of FIG. 2A cross-sectioned along line 
2B-2B in FIG. 2A; and 

FIG. 2C illustrates the signal cable of FIG. 2A cross-sectioned along line 2C- 
2C in FIG. 2A; 

FIG. 3 illustrates a partial view of the seismic cable of FIG. 1, in accordance with 
one particular embodiment of the present invention in which the support and signal cables are 
attached by the electronics modules; 

FIG. 4 illustrates a storage and deployment mechanism for the seismic cable of FIG. 
1, in accordance with a second embodiment alternative to that iq FIG. 3 in which the support 
and signal cables are joined by a zipper mechanism; 

FIG. 5 illustrates a partial, perspective, cross-sectioned view of the seismic cable of 
FIG. 1, in accordance with a third embodiment alternative to those in FIG. 3 and in FIG. 4 in 
which the support and signal cables are fabricated together and then separated by a rip-cord; 

FIG. 6 illustrates a partial plan view of the seismic cable of FIG. 1, in accordance 
with a fourth embodiment in which the support cable and the signal cable are attached by a 
rigid arm; and 
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FIG. 7A and FIG. 7B illustrate a fifth embodiment in a side, plan view and in an end, 
partially sectioned view (along line 7B-7B), respectively, which the support and signal cables 
are attached by the housings of the sensor modules. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It will 

s 

of course be appreciated that in the development of any such aptual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals, 
such lis compliance with system-related and business-related constraints, which will vary 
from one implementation to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, but would nevertheless be a 
routine undertaking for those of ordinary skill in the art having the benefit of this disclosure. 

FIG. 1 illustrates a seismic survey system 100 in which a seismic survey vessel 105 
has deployed a seismic cable 1 10 to the bed 1 15 from the surface 120 of a body of water 125. 
In the illustrated embodiment, the body of water 125 is part of an ocean. Consequently, the 



Page 6 of 23 



M&C FOLIO: P523 16 WO/CLIENT REF. NO. 14-0210-PCT 

bed 115 is a seabed (or, ocean floor). However, the invention is not so limited, as the 
invention may used for surveys conducted in fresh and brackish waters. 

FIG. 2A illustrates a seismic cable 110 in accordance with one embodiment of the 
present invention. The seismic cable 110 comprises a support cable 205 and a signal cable 
210 attached to the support cable 205 at a plurality of points 215 spaced along the length 
thereof. In the illustrated embodiment, the signal cable 210 further comprises a plurality of 
sensor modules 220, which will be discussed further below. In one embodiment, the spacing 
of the points 215 is approximately proportional to a length of the sensor modules 220 so that 
the points 215 are located between each of the sensor modules 220. However, the present 
invention is not so limited. In alternative embodiments, the points 215 may be located at any 
desirable location. For example, the points 215 may be located between every other sensor 
module 220 or between successive pluralities of sensor modules 220. For another example, a 
plurality of points 215 may be located between each pair of sensor modules 220. 

As is shown in FIG. 2B, the support cable 205 includes one or more stress members 
225 (only one indicated) providing tension to the seismic cable 1 10. The stress members 225 
may be any type of stress member known to the art for handling tension in seismic cables. 
Examples of suitable stress members 225 include, but are not limited to, steel wire and utility 
cable. If more than one stress member 225 is employed, as in the illustrated embodiment, the 
stress members 225 may be cabled together in any suitable fashion known to the art. For 
instance, in the illustrated embodiment, the stress members 225 are jacketed together, /.*., 
cabled together by enclosure in a jacket 230. Furthermore, in some embodiments, the support 
cable 205 may be filled with a filler 235 to, e.g., help protect against water intrusion. The 
filler 235 may be of any suitable type known to the art. 
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As is shown in FIG. 2C, the signal cable 210 comprises, inter alia, a plurality of 
signal leads 240, and, in the illustrated embodiment, one or more power leads 260. The 
signal leads 240 may include electrical leads 245 such as a twisted wire pair of leads, a 
coaxial cable, and the like. The signal lead 240 may also include one or more optical fibers 
250. As with the support cable 205, these elements may be cabled together in any suitable 
fashion known to the art. For instance, in the illustrated embodiment, the leads 240, 245, 
250, 260 are jacketed together, cabled together by enclosure in a jacket 265. 
Furthermore, in some embodiments, the signal cable 210 may be filled with a filler 270 to, 
e.g., help protect against water intrusion. The filler 270 may be of any suitable type known to 
the art. In the illustrated embodiment, the signal cable 210 also includes a stress member 275 
for providing extra support on forces exerted against the signal cable 210, although the 
invention is not so limited. In alternative embodiments, the signal cable 210 may not include 
the stress member 275 or may include a plurality of stress members 275. 

Returning to FIG. 2A, the signal cable 210, in the illustrated embodiment, further 
comprises one or more sensor modules 220. The sensor module 220 includes one or more 
sensors (not shown). Examples of sensors include, but are not limited to, geophones, 
accelerometcrs, hydrophones, tilt meters, and magnetometers. 

These sensors generate data in the course of survey operations and transmit that data 
over the signal cable 210 in a conventional manner. The sensors may include electronics for 
conditioning the signal and/or digitizing it. The sensor module 220 is typically connected to 
the signal cable 210 by one or more the sensor leads 240, 245, 250, 260 shown in Figure 2C. 
Note that the composition of sensors in each sensor module 220 may be the same or may be 
unique, depending on the implementation. To some degree, the choice ol* sensors may 
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influence the number and implementation of the signal and power leads (e.g., the leads 240, 
245,250, 260 in FIG. 2C). 

The data from the sensors may be transmitted to one or more electronics modules (not 
shown in FIG. 2A) located along the seismic cable 110 or between cable sections. The 
electronics module is connected to the signal cable the signal cable 210 by one or more of the 
signal leads (e.g., the signal leads 240, 245, 250, 260 in FIG. 2C) of the signal cable. 
Alternatively, the functionality of the electronics module may reside in one or more of the 
sensor modules 220 in some alternative embodiments. The electronics module serves as a 
data transmission and power hub for the sensor modules 220. In one embodiment, the 
electronics module may comprise a high bandwidth bus capable of transmitting data between 
other electronics modules and to a computer or other computing device (not shown) on the 
seismic survey vessel 105 or at a remote location. In an alternative embodiment, the sensor 
module 220 may be connected to the signal cable 210 by a data bus (not shown). Regardless, 
one important function of the electronics module is to collect ai\d forward the data generated 
and transmitted by the sensor modules. 

In one embodiment, the sensor module 220 is sufficiently sealed to protect against 
water intrusion and physical damage. However, in alternative embodiments, the seismic cable 
1 10 may be enclosed by a sheath, or protective outer covering (not shown).. In embodiments 
wherein the support cable 205 includes leads, the support cable 205 may also be enclosed by 
a sheath (not shown). The sheath protects sensitive electronics such as the signal cable 210 
and sensor module 220 from water intrusion and physical damage. The protective outer 
covering can be any skin, jacket, or extrusion matrix known in conventional practice. 
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Although the support cable 205 bypasses the sensor module 220 as illustrated in FIG. 
2A, in an alternative embodiment, a groove can be provided in the sensor module 220 such 
that the support cable 205 passes through the sensor module 220 via the groove. The support 
cable 205 can be acoustically decoupled from the sensor module 220 by one or more acoustic 
decoupling devices (not shown) between the groove and the support cable 205, such as 
springs or elastic devices, as will be discussed further below. 

As was mentioned above, the signal cable 210 is attached to the support cable 205 at a 
plurality of points 215, shown generically in FIG. 2A. The invention admits wide variation 
in how this attachment may be accomplished, and may employ virtually any suitable 
attachment mechanism. FIG- 3 - FIG. 6 each illustrate various alternative embodiment 
employing and implementing different attachment mechanisms. More particularly: 

FIG. 3 illustrates an embodiment in which the attachment is made through 
electronics modules 305 being connected to both a signal cable 210 and a 

s 

support cable 205-A; 

FIG. 4 illustrates the deployment of an embodiment in which the attachment 
is made through a zipper mechanism; 

FIG. 5 illustrates an embodiment in which the support cable 205 and the 
signal cable 210 are separated after fabrication by a rip-cord 505; and 
FIG. 6 illustrates an embodiment in which the attachment is made by a rigid 
arm 610. 

Each of these alternative embodiments shall now be discussed more fully in turn. 

FIG. 3 illustrates one embodiment of the seismic cable 110, in which an electronics 
module 305 separating two support cable sections referred in FIG. 3 as a left support cable 
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section 205-A and a right support cable section 205-B section. As mentioned, the electronics 
module 305 is placed at intervals along the seismic cable 110 of FIG. 1 and FIG. 2A and is 
generally placed between the support cable sections 205-A, 205-B. 

As illustrated in FIG. 3, the signal cable 210 is directly connected to the electronics 
module 305. In one embodiment, the left support cable section 205-A terminates on one side 
of the electronics module 305 and begins anew at the right support cable 205-B at another 
side of the electronics module 305. In an alternative embodiment, the support cable sections 
205-A, 205-B pass through the electronic module 305. 

Although not illustrated in FIG. 3, it should be appreciated that at least of a portion 
the support cable sections 205-A, 205-B and signal cable 210 may be connected by some 
other attachment mechanism in addition to the attachment provided at the sensor module 305. 
For instance, the embodiment of FIG. 3 might also employ the rigid or semi-rigid arm 610 in 
FIG. 6, discussed more fully below. Thus, some embodiments might use several different 
types of attachment mechanisms. 

FIG. 4 illustrates an embodiment of the seismic cable 1 10 in FIG. 1 alternative to that 
of FIG. 3. A storage and deployment mechanism 405 is shown, which stores a continuous 
length of support cable 205 in a support cable storage 410 and a continuous length of signal 
cable 210 in a signal cable storage 415. As mentioned, the sensor module 220 and the 
electronics module 305 are directly connected to the signal cable 210 and are stored along 
wilh the signal cable 210 in the signal cable storage 415. It should be appreciated that 
although the support cable storage 410 and the signal cable storage 415 are illustrated in a 
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common "spool" configuration, any method of storing a continuous length of cable known in 
conventional practice may be used. 

The support cable 205 and the signal cable 210 are attached at one end by a zipper 
mechanism 420. As the support cable 205 is deployed from the support cable storage 410 
and signal cable 210 is removed from signal cable storage 415, the zipper mechanism 420 is 
guided in the direction of the spools 410, 415, thereby automatically attaching the support 
cable 205 with the signal cable 210. The zipper mechanism 420 can be any mechanism 
known in the art for automatically clamping two members in a zipping fashion. For example, 
the zipper mechanism 420 may comprise a plurality of clamps that are individually operated 
to attach the support cable 205 with the signal cable 210. The plurality of clamps may be 
located on the support cable 205, the signal cable 210, or both. Another example of the zipper 
mechanism is a Velcro-based solution. Yet another example of a zipper mechanism is strong 
thread that attaches the signal cable to the support cable by sowing, wrapping or knitting. 

s 

Because the sensor module 220 and the electronics module 305 are attached to the 
signal cable 210 without tension, the signal cable 210 will be subjected to relatively gentler 
handling. Furthermore, this embodiment of the seismic cable 110 allows for greater 
operation depth and easier handling in adverse weather. The design also allows easier and 
faster replacement of component pails in the seismic cable 110. Still further, because the 
signal cable 210 and support cable 205 can be stored without tension, less space is needed in 
the signal cable storage 415 and the suppoii cable storage 410, respectively. One important 
feature of this arrangement is that the signal cable 210 is handled and stored with virtually no 
tension. This creates an opportunity for the cable designer to avoid certain conflicting 
requirements like cable strength vs. unwanted inter-cable acoustic coupling. 
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Note that, in some embodiments, the electronics module can be canned as part of the 
support cable 205, as opposed to the signal cable 210. In such an embodiment, the support 
cable 205 comprises one or more electronics modules 305 (first shown in FIG. 3) connected 
s to one or more leads in the support cable 205. The leads may be electrical or optical, 
depending on their purpose and the particular embodiment. The leads may be for 
transmitting data and power for the operation of the electronics modules 305. For instance, 
signal leads (e.g. the signal leads 240 shown in Figure 2C) may be used to transmit data from 
the electronics modules 305 to, e.g., a computing device (not shown) located on the seismic 
10 survey vessel 105 (first shown in FIG. 1) or at the remote location. Similarly, leads may be 
employed for transmitting power from the survey vessel 105 to the electronics modules 305. 

One example of such a seismic cable 1 10 is illustrated in FIG. 5. The support cable 
205 and the signal cable 210 are manufactured together in one continuous unit and 

15 substantially enclosed by the protective outer covering 230. ^The signal cable 210 can be 
detached over short sections where the sensor modules (not shown in FIG. 5) are desired by 
pulling a rip-cord 505. Detaching the signal cable 210 from the seismic cable 1 10 leaves an 
empty groove 510. if the outer covering 230 is comprised of a thermoplastic, the rip-cord 
505 can be heated by electrical current, for example, to ease pulling the rip-cord 510. Once 

20 the signal cable 210 is detached, it can be terminated and connected to the sensor module 

220. The support cable 205, in the embodiment of FJG. 6, includes several signal leads 515 
(only one indicated) over which control and data signals may be transmitted and a power lead 
520 over which the electronic modules 320 may be powered. 
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FIG. 6 illustrates an alternative embodiment of the attachment mechanism 215 of 
FIG. 2A. Aarm 610 separates the support cable 205 from the signal cable 210 at a sufficient 
distance such that the support cable 205 and the signal cable 210 do not contact during 
deployment. In alternative embodiments, the arm 610 may be rigid or semi-rigid. A semi- 
rigid arm 610 will flex along the direction of the signal cable 210 but be rigid in the direction 
of rotation about the signal cable 210. The arm 610 is attached to the support cable 205 by a 
clamp 615. The arm 610 should generally be attached loosely to the signal cable 210 such 
that excess torsion is not introduced into the signal cable 210. For example, as illustrated in 
FIG. 6, the arm 610 is attached to the signal cable 210 by a bearing 620 that allows the 
signal cable 210 to rotate freely around the signal cable 210 and move axially between two 
stop clamps 625. 

FIG. 7A and FIG. 7B illustrate another alternative embodiment in which the support 
cable 205 and the signal cable 210 are attached by the housings of the sensor modules 220 
themselves. The view in FIG. 7B is from the direction of thp arrow 705 in FIG. 7A and 
sectioned along the line 7B-7B in FIG. 7A. As was alluded to earlier, the support cable 205 
is acoustically decoupled from the housing 710 of the sensor module 220 by a plurality of 
clastic devices 715 (only one indicated), such as springs, as is shown in FIG. 7B. In some 
alternative embodiments, the elastic devices 715 may be omitted. Note that a plurality of 
electrical connections 725 (only one indicated) arc conceptually illustrated between the signal 
cable 210 and the sensor module 220. 

The elastic devices 715 are positioned between the support cable 705 and the sensor 
housing 710 in the groove 720 defined by the sensor housing 710 and through which the 
support cable 205 runs. Such decoupling techniques are known to the art, and one is more 
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fully disclosed in International Patent WO0214905, published February 21, 2002, in the name 
of James Martin, Nicolas Goujon, Frederik Naes, and Rune Voldsbekk.., and entitled "A 
HOUSING FOR A SEISMIC SENSING ELEMENT AND A SEISMIC SENSOR.'' 
However, other techniques may also be employed in alternative embodiments. For instance, 
some embodiments, the support cable is decoupled from the sensor housing 710 by being 
permitted to slide freely through the groove 720 relative to the sensor module 220. 

The present invention facilitates acoustic decoupling of the sensor modules 220 — and, 
hence, the sensors — from the stress member 205, which is rigid and under tension, and 
therefore improves the data quality recorded by the system 100. The various embodiments 
described herein provide a robust cable 110 capable of being subjected to rough handling 
when the cable 1 10 is deployed and/or retrieved. The robust cable 1 10 is further capable of 
being subjected to great water depth and pressure. Although the cable 110 is substantially 
robust, the cable 110 delivers higher data quality than previous cables. More particularly, in 
its various aspects and embodiments, the invention provides the following advantages over 
the state of the art: 

higher reliability of the connections to the sensor modules 220, as takeouts are 
eliminated; 

reduced number of connections; 

increased cable strength as terminations of the stress member 205 arc 
eliminated; 

improved sensor-lo-ground coupling due to the smaller and lighter sensor 
module 220; 

more precise data recording independent of how the sensor module 220 rests 
on the seafloor due to axial symmetry of the cable 1 10 and sensor module 220; 
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mechanical decoupling between the sensor module 220 and the support cable, 
thus freeing the sensor module 220 from the stresses on the stress member 205 
and improving data quality; 
high data quality independent of water depth; 

higher possibility for the same axial symmetry for the cable 110 as for the 
sensor module 220 and for positioning the sensor module 220 closer to the 
center of gravity of the sensor module 220— thereby providing consistent and 
repeatable independent of how the sensor module 220 lies on the seafloor; 
higher modularity of cable construction providing increased reparability, 
reconfiguration possibilities, improved depth-appropriate assembly, and even 
the possibility of omitting stress carrying support for shallow water operations; 
easier handling procedures, as the stress member 205 and the signal cable 210 
can be separated for storage and shipping; and 

safer handling for components since the sensor module 220 can be stored 
separately from the stress member 205, thereby reducing danger to the sensor 
module 220 from tension on the stress member 205. 

Note that not all of these advantages will be realized in every embodiment of the invention. 

Still other advantages may become apparent to those skilled in the art having the benefit of 

this disclosure. 

This concludes the detailed description. The particular embodiments disclosed above 
are illustrative only, as the invention may be modified and practiced in different but 
equivalent manners apparent to those skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the details of construction or design 
herein shown, other than us described in the claims below. It is therefore evident that the 
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particular embodiments disclosed above may be altered or modified and all such variations 
are considered within the scope and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims below. 
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CLAIMS 



1 1. A seismic cable, comprising: 

2 a support cable; 

3 a signal cable attached to the support cable at a plurality of points spaced along the 

4 length of the signal cable; and 

5 at least one sensor module disposed on the signal cable. 



j 2. The seismic cable of claim 1, further comprising a first sheath enclosing the 

2 support cable and the signal cable. 

1 3. The seismic cable of claim 2, wherein the first sheath comprises at least one of 

2 is a skin, a jacket or an extrusion matrix. 

1 4. The seismic cable of claim 1, wherein the support cable includes a plurality of 

2 strengthening members. , 

1 5. The seismic cable of claim 4, wherein the strengthening members are cabled 

2 by a second sheath. 



1 6. The seismic cable of claim 1, wherein the support cable includes at least one 

2 of a signal lead and a power lead. 

1 7. The seismic cable of claim 6, further comprising an electronics module 

2 powered over the power lead and capable of transmitting data over the signal lead. 

i cS. The seismic cable of claim 7 ; wherein the support cable is sectioned. 
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9. The seismic cable of claim 1, wherein the signal cable includes a plurality of 
leads cabled by a third sheath. 

10. The seismic cable of claim 1, wherein the signal cable includes at least one 
strengthening member. 

1 1 . The seismic cable of claim 1 , further comprising a plurality of sensor modules 
electrically connected to the signal cable. 

12. The seismic cable of claim 1, wherein the sensor modules transmit data and 
receive power over the signal cable. 

13. The seismic cable of claim 1, further comprising: 

a plurality of sensor modules electrically connected to and distributed along the signal 
cable; and 

a plurality of electronics modules by which the signal cable is attached to the support 
cable at the points. 

14. The seismic cable of claim 1, wherein the electronics modules are electrically 
connected to the signal cable at the points and mechanically connected to the support cable. 

15. The seismic cable of claim 1, wherein the signal cable is attached to the 
support cable by a zipper mechanism. 

16 The seismic cable of claim L wherein the plurality of points are spaced along 
the length of (he signal cable in proportion to a length of the sensor module. 

17. The seismic cable of claim 16, wherein the plurality of points are positioned 
between adjacent sensor modules 
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1 18. The seismic cable of claim 16, wherein the separations are created by pulling a 

2 rip cord fabricated in the seismic cable to detach the signal cable from the support cable. 

1 19. The seismic cable of claim 1, further comprising a plurality of arms 

2 mechanically affixed to the support cable and rotationally connected to the signal cable to 

3 attach the signal cable to the support cable at the points. 

1 20. The seismic cable of claim 19, wherein the arms are at least one of rigid and 

2 semi-rigid arms. 

1 21. The seismic cable of claim 19, wherein the arms are mechanically fixed by a 

2 plurality of clamps. 

1 22. The seismic cable of claim 19, wherein the arms are rotationally connected by 

2 a bearing. 

1 23. The seismic cable of claim 19, further comprising a plurality of stops 

2 restraining movement of the rotational connection along the length of the signal cable. 

1 24. The seismic cable of claim 1, further comprising a plurality of sensor modules 

2 electrically connected to and distributed along the signal cable and by which the support 

3 cable and the signal cable are joined. 

1 25. The seismic cable of 24, wherein the support cable passes through a groove in 

2 the sensor modules. 

1 26. The seismic cable of claim I, wherein each of the sensor modules comprises a 

2 housing defining a groove therethrough through which the support cable runs. 
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27. The seismic cable of claim 26, wherein the support cable is acoustically 
decoupled from the housing by a plurality of elastic devices. 

28. The seismic cable of claim 26, wherein the support cable is acoustically 
decoupled from the housing by freely moving through the groove relative to the sensor 
module. 

29. A method for assembling a seismic cable, comprising attaching a support 
cable to a signal cable at a plurality of points spaced along the length thereof. 

30. The method of claim 29, wherein attaching the support cable to the signal 
cable includes mechanically connecting an electronics module to the support cable and 
electrically connecting the electronics module to the signal cable. 

31. The method of claim 29, wherein attaching the support cable to the signal 
cable includes zipping the signal cable to the support cable at the points. 

32. The method of claim 29, wherein attaching the support cable to the signal 
cable includes separating the support cable and the signal cable between the points. 

33. The method of claim 32, wherein separating the support cable and the signal 
cable includes pulling a rip-cord. 

34. The method of claim 29, wherein attaching ihe support cable to the sensor 
includes mechanically affixing at least one of a rigid and a semi-rigid arm to the support 
cable and rotationally connecting the respective rigid or semi-rigid arm to the signal cable at 
each of the points. 
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1 35. The method of claim 29, wherein attaching the support cable to the signal 

2 cable includes connecting the support cable to the signal cable by a plurality of sensor 

3 modules. 
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# 



ABSTRACT 
MULTI-PART SEISMIC CABLE 

5 A seismic cable and a method for assembling such a seismic cable are disclosed. The 

seismic cable includes a support cable and a signal cable attached to the support cable at a 
plurality of points spaced along the length of the signal cable. The seismic cable also 
includes at least one sensor module disposed on the signal cable. The method includes 
attaching a support cable to a signal cable at a plurality of points spaced along the length 

10 thereof. 
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I. Basis of the report 

1 With reaard to the elements of the international application (Replacement sheets which have been furnished to 
' ^JS^SSSh response to an invitation under Article 14 are referred to m thisrepon as 'originally filed 
anc f are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)). 



Description, Pages 

^17 as originally filed 
Claims, Numbers 

1 . 35 received on 24.09.2004 with letter of 24.09.2004 
Drawings, Sheets 

1/4-4/4 as originally filed 

2 With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherw.se indicated, under th.s .tern. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 and/or 55.3). 

3 With reaard to any nucleotide andtor amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence l.st.ng: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement 4hat the information recorded in computer readable form is identical- to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



Form PCT/IPEA/409 (January 2004) 





INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/EP 03/50702 




report.) 

6. Additional observations, if necessary: 

V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



29 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-35 



Industrial applicability (IA) 



Yes: 
No: 



Claims 
Claims 



1-35 



2. Citations and explanations 



see separate sheet 
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1.) Reference is made to the following documents: 

D1 • US-A-2 923 91 6 (WOODWORTH JOHN H.) 2 February 1 960 (1 960-02-02) 
D2- US-A-3 372 368 (DALE JOHN R ET AL) 5 March 1968 (1968-03-05) 
D3- US-A-4 398 276 (KRUPPENBACH JOHN A) 9 August 1983 (1983-08-09) 
D4- US-A-4 884 249 (SNOOK CLIVE T) 28 November 1989 (1989-1 1-28) 



2.) Technical field: seismic streamers 



3.) Novelty (Art.33(1 ),(2) PCT) and inventive step (Art.33(1 ),(3) PCT): 

3.1) The present application does not meet the requirements of Article 33(1 ),(3) PCT, 
because the subject-matter of claim 1 is not inventive over D4. 

D4 discloses a seismic cable system comprising a tubular shaped elongated and 
flexible support structure (D4; ref.8 in fig.2; col.3, li.20,21) which supports an act.ve 
electronic cable 9 (D4; col.3, li.18,19). Cable 9 is equipped with sensors. The active 
cable 9 (signal cable) is attached to the support cable at a plurality of points spaced 
along the length of the signal cable (D4; fig.2, col.3, li.42-55). 
D4 does not clearly state if reference 13 in fig.2 indicates the means for reception of 
seismic signals (see also D4; col.2, li.6,7) which in fact would render D4 even novelty 
destroying over claim 1 . 

However even if taking reference 13 not into consideration, it is clear to the skilled 
person that disposing the sensor moduls substantially at a predetermined location 
along the length of the seismic cable is state of the art in marine seismics when 
operating with streamers. 

Therefore, the subject-matter of claim 1 cannot be considered as being inventive over 
the prior art as taught in D4. 

3.2) The subject-matter of independent claim 29 is not new over the prior art as 
disclosed in D4. 

D4 discloses a method for assembling a seismic cable, comprising: attaching a support 
cable (D4; ref.8) to a signal cable (D4; ref.9) at a plurality of points spaced along the 
length thereof (D4; fig.2). 

3.3) The subject-matter of independent claim 29 is also not new with regard to the prior 
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art as disclosed in D1 and D2 (s. cited passages in the ISR), nor is it considered to be 
inventive over the prior art as disclosed in D3 (s. cited passages of the ISR). The 
subject-matter of claim 1 differs from D3 in that a support cable is used and not only a 
support wire which has the additional advantage of making the system more flexible 
and efficient. It is clear to the skilled person, also in the light of documents D1 or D2, 
that such a cable can easily be employed instead of a simple wire in order to arrive at 
such an advantage. Using a cable instead of a wire.does therefore not constitute an 
inventive step. 

3.4) The subject matters of dependent claims 6-8,1 1-14,16,24,27,30,32 and 35 are not 
inventive: they can be found in D1 , D2 or D3 - Art.33 (1),(3) PCT (s. also the cited 
passages and figures in the ISR). 

3.5) The subject-matters of dependent claims 2-5, 9,10, 15, 17-23, 25,26,28, 31 , 33 
and 34 are not considered to be inventive (Art. 33(1 ),(3) PCT). They appear to be a 
matter of normal design procedure in order to build a seismic cable system comprising 
a signal cable (with sensor devices) supported by a support cable. 

4.) Industrial applicability (Art.33(1),(4) PCT): 

Beyond any doubt the invention, as defined in claims 1-35 is industrially applicable. 
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CLAIMS 

! l A seismic cable, comprising: 

2 a support cable; and 

a lraa one s^r module disposed „ . *ri eebio, «- — b ^ — 
. . *e soppon <*» . a pioxoii* of poin* ep-ced eVoag .he of « ^ cab.e 

, „ here o y the or each seoso, roodo,e is deposed «M - • — *— 

.6 along the length of the seismic cable. 



2 . The seismic cable of claim 1, further comprising a first sheath enclosing the 
2 support cable and the signal cable. 

3. The seismic cable of claim 2, wherein the first sheath comprises at least one of 
2 is a skin, a jacket or an extrusion matrix. 

4. The seismic cable of claim 1. wherein the support cable includes a plurality of 
2 strengthening members. 

5 . The seismic cable of claim 4, wherem the stieagm^^ 
2 by a second sheath- 

6. The seismic cable of claim 1, wherein the support cable includes at least one 
2 of a signal lead and a power lead. 

7. The seismic cable of claim 6, further comprising an electronics module 
2 powered over the power lead and capable of transmitting data over the signal lead. 

S. The seismic cable of claim 7, wherein the support cable is sectioned. 



i 
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2 leads cabled by a third sheath. 
2 strengthening member. 

i electrically connected to the signal cable. 

12 . The seismic cable of claim 1. wherein the sensor modules transmit data and 
' 2 receive power over the signal cable. 

13 . The seismic cable of claim 1, farther comprising: 

a p.urality of sensor modules electrically connected to and distributed along the signal 
cable; and 

apluraUty of electronics modules by which the signal cable is attached to the support 
cable at the points. 

U . Theseismic cable of claim 1. wherein the dec^mcs modules are ele^icaUy 
\ connected to the signal cable at the points and mechanically connected to the support cable. 

15. The seismic cable of claim 1. wherein the signal cable is attached to the 
2 support cable by a zipper mechanism. 

16 The seismic cable of claim 1, wherein the plurality of points are spaced along 
, the length of the signal cable in proportion to a length of the sensor module. 

17. The seismic cable of claim 16, wherein the plurality of points are positioned 
2 between adjacent sensor modules 
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18 . The srismic cable of claim 16, wherein the separations are created by pulling a 

19 . The seismic cable of claim 1, further comprising a plurality of arms 
\ mechanically affixed to the support cable and rotational* connected to the signal cable to 
, attach the signal cable to the support cable at the points. 

20. The seismic cable of claim 19, wherem me arms are at least one of rigid and 

1 semi-rigid anns. 

21. The seismic cable of claim 19, wherein the arms are mechanically fixed by a 

2 plurality of clamps. 

, 22. The seismic cable of claim 19. wherein the arms are rotationally connected by 

2 a bearing. 

23. The seismic cable of claim 19, further comprising a plurality of stops 
, restraininsmovemcnt of the rotational connection along me length of me signal cable. 

S 

; '"' 24 . The seisnuc cable of claim U 

2 electrically connected to and distributed along the signal cable and by which the support 

3 cable and the signal cable are joined. 

, 25. The seismic cable of 24, wherein the support cable passes through a groove in 

2 the sensor modules. 

, 26. The seismic cable of claim 1, wherein each of the sensor modules comprises a 

z housing defining a groove therethrough through which the support cable runs. 
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module. 

29 . a method for assembling a seismic cablel comprising attaching a support 

30 The method of claim 29, wherein attadnng the support cable to the signal 
\ cable includes mechanically — g an elec*onics module to *e support cahle and 
3 electrically connecting the electronics module to the signal cable. 

31 . The method of claim 29, wherein attaching the support cable to the signal 
2 cable includes ripping the signal cable to the support cable at the points. 

32 . The method of claim 29, wherein attaching the support cable to the signal 

33. The method of claim 32, wherein separating the support cable and the signal 

2 cable includes pulling a rip-cord. 

34. The method of claim 29, wherein attaching the support cable to me sensor 
\ includes mechanically affixing at least one of a rigid and a semi-rigid arm to the support 

3 cable and Nationally connecting the respective rigid or semi-rigid arm to the signal cable at 

4 each of the points. 
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IHe method of claim 29, wherein attaching the support cable to the signal 



35. 



2 cable includes connecting 

3 modules. 



the support cable to the signal cable by a plurality of sensor 
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1 . This written opinion is the first drawn up by this International Preliminary Examining Authority. 

2. This opinion contains indications relating to the following items: 

I £3 Basis of the opinion 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention * 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 
Certain documents cited 
Certain defects in the international application 
Certain observations on the international application 

3. The applicant is hereby invited to reply to this opinion. 

When? See the time limit Indicated above. The applicant may, before the expiration of that time limit, 
request this Authority to grant an extension, see Rule 66.2(d). 

How' By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also: For an additional opportunity to submit amendments, see Rule 66.4. 

For the. examiner's obligation to consider amendments andfcr arguments, see Rule 66.4 bis, 
For an informal communication with the examiner, see Rule 66.6. 

ff no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 12.02.2005 
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I. Basis of the opinion 

1 With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this opinion as "originally 
filed"): 

Description, Pages 

1-17 as originally filed 

Claims, Numbers 

1-35 ' •* as originally filed 

Drawings, Sheets 

1/4-4/4 as originally filed 

2 With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andfer 55.3). 

3. With regard to any nucleotide andJbr amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
D the drawings, sheets: 

5. □ This opinion has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

6. Additional observations, if necessary: 
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V Reasoned statement under Rule 66.2(aKH) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 
Novelty (N) 
Inventive step (IS) 
Industrial applicability (IA) 



Claims 1 (no), 29 (no) 
Claims 

Claims all claims (yes) 



2. Citations and explanations 
see separate sheet 
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The examination is being carried out on the following application documents: 

Description, pages: 

1-17 as originally filed 

Claims, No.: 

1.35 as originally filed 

Drawings, sheets: 

1 /4-4/4 as originally filed 



Reference is made to the following documents: 

D1: US-A-2923916 (Woodworm) 
D2: U-A-3372368 (Dale) 
D3: US-A-4398276 (Kruppenbach) 
D4: US-A-4884249 (Snook) 
D5: US-A-4313392 (Guenther) 



02-02-1960 
05-03-1968 
09-08-1983 
28-11-1989 
02-021982 



1 .) The present application does not meet the requirements of Article 33(1 ),(2) PCT, 
because the subject-matters of claim 1 and the corresponding method claim 29 are not 
new. 

Each of the documents D1 and D2 disclose a seismic cable comprising: 

- a support cable (D1 : fig.3,4, ref.11; D2: tension cable, ref.21 in fig.1) 

- a signal cable (D1: fig.3,4, ref.20; D2: streamers 29, 30 and 31 in fig.1) attached to the 
support cable at a plurality of points spaced along the length of the signal cable (D1 : 
fig.4,5, ref.31,33; D2: streamers 29-31 are attached at a plurality of points to the cable 
21 as can be seen from fig.1) and 

- at least one sensor module disposed on the signal cable (DT: seismometers 13b, 13c 
etc.; D2: transducers 24-27) 

With this construction the transducers are maintained free from bending stresses when 
deployed from or rolled upon the drum (s.also D1; col.2, li.30-34). 
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2. ) The present application does not meet the requirements of Article 33(1 ),(3) PCT, 
because the subject-matters of claim 1 and the corresponding method claim 29 are not 
inventive over D3 and also not inventive over D4. 

D3 discloses a seismic cable (the whole assembly of figure 2, ref.14, 22, 30) 
comprising: 

- a support line (fig.2, ref.30; col.3, li.32, 33) 

- a signal cable (fig.2, ref.14) attached to the support cable at a plurality of points 
spaced along the length of the signal cable (by ring members 22 in fig.2) and 

- at least one sensor module disposed on the signal cable (geophones 20 in fig.2) 

The subject-matter of claim 1 differs from D3 in that a support cable is used and not 
only a support wire which has the additional advantage of making the system more 
flexible and efficient. It is clear to the skilled person, also in the light of documents D1 or 
D2, that such a cable can easily be employed instead of a simple wire in order to arrive 
at such an advantage. Using a cable instead of a wire does therefore not constitute an 
inventive step. 

For the same reasons the subject-matters of claims 1 and 29 are also not considered to 
be inventive over D4 which discloses a seismic cable system comprising a support 
structure (D4; ref.8 in fig.2: a tubular shaped flexible member; col.3, li.20,21) which 
supports a cable 9. Cable 9 is equipped with sensors 13 (D4; col.3, li.14-24; col.3, 1.42- 

55). .... 

3 . ) The subject matters of dependent claims 6-8,1 1-14,16,24,27,30,32 and 35 are not 
new - Art.33 (1),(2) PCT (s. also the cited passages and figures in ISR). 

4. ) The subject-matters of dependent claims 2-5, 9,10, 15, 17-23, 25,26,28, 33 and 34 
are not considered to be inventive Art. 33(1 ),(3) PCT). They appear to be a matter of 
normal design procedure in order to build a seismic cable system comprising a signal 
cable (with sensor devices) supported by a support cable. These subject-matters would 
be easily included in D1 by the skilled person and do therefore not involve an inventive 
step (Art.33(1),(3) PCT). 

5. ) Should the applicant nevertheless regard some particular matter as patentable, a 
new set of independent claims should be filed. When drafting a new set of claims the 
applicant should bear the conciseness requirements of Art.6 PCT (only one 
independent claim in each category) and the unity requirements of Rule 13.1 PCT in 
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mind. The applicant should also indicate in the letter of reply the difference of the 
subject-matter of the new claim vis-a-vis the state of the art and the significance 
thereof. 

6.) Remark: D5 could also be used in the further examination. D5 discloses a seismu 
cable comprising a chain 30 which is used to deploy and retrieve a signal cable 50 to 
which a plurality of sources are attached. Cable 50 is fixed at a plurality of points to 
chain 30. Therefore D5 could also be used in the assessment of inventiveness of 
independent claims 1 and 29. 



Form PCT/Separale Sheet/408 (Sheet 3) (EPO-April 1997) 



MARKS & CLERK 

Intellectual Property 



European Patent Office 

D-80928 

Munich 

Germany 



• 



European Patent Attorneys 
Chartered Patent Attorneys 
European Trade Mark Attorneys 
Registered Trade Mark Attorneys 

Established 1887 



Oxford Office 

4220 Nash Court 

Oxford Business Park South 

Oxford 0X4 2RU 

Tel: +44(0)1865 397900 
Fax: +44 (0)1865 397919 
E-mail: oxford@marks-clerkcom 
http://www.marks-clerk.com 



your ref 
our ref 



PCT/EP 03/50702 
AMS.P52316WO 
24 September 2004 



Facsimile 



Dear Sirs 



PCT Application PCT/EP 03/50702 
WesternGeco Seismic Holdings Limited et al 

In response to the first written opinion on the above application, I file herewith a set of 
amended claims 1 - 35 to replace the current claims. 

Claim 1 has been amended to specify that the or each sensor module is disposed at a 
respective pre-determined location along the seismic cable. The amendment is supported by, 
for example, the embodiment of figure 2A. The seismic cable of figure 2A comprises the 
support cable 205 and the signal cable 210, which are attached to one another at a plurality of 
points 215 along their length. The signal cable is constrained, by its attachment at the points 
215 to the support cable, to extend generally parallel to the support cable. The position of 
each sensor module 220 along the length of the support cable 205 - and thus its position 
along the length of the seismic cable 110 - is therefore substantially fixed. Little or no 
relative movement between the sensor module 220 and the support cable 205, m a direction 
parallel (or perpendicular) to the support cable, is possible. 

It is submitted that the amended claim 1 is novel and inventive over the documents cited in 
the written opinion. 

Dl does not disclose a seismic cable in which a signal cable is attached to a support cable. 
Instead, in Dl the transducer 13b is attached to the "main cable 11", and the cable 20 is 
attached to the transducer 13b. There is no disclosure or suggestion in Dl of directly 
attaching the cable 20 to the main cable 1 1 in the manner shown in, for example, figure 2A of 
the present application. 
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As far as inventive step over Dl is concerned, the arrangement shown in figure 4 of Dl will 
lead to acoustic coupling between the main cable 11 and the transducer 13b. While the 
resilient secondary support 31 may to some extent reduce the coupling between the main 
cable and the transducer, the resilient secondary support disclosed in Dl will still allow 
significant coupling to occur. In contrast, the arrangement of the present invention in which 
the signal cable is coupled to the support cable at locations between the sensor modules 220, 
or in which the support cable 205 is coupled direct to the sensor modules via the resilient 
coupling, shown in figure 7B, provides far better decoupling between the support cable and 
the sensor modules as stated at page 15, lines 8-10. 

D2 relates to a vertical hydrophone array rather than to a seismic cable intended for use in a 
ocean bottom seismic survey. It shows an arrangement -in which a plurality of hydrophones 
24, 25, 26, 27 are interconnected by spacer members 28. The spacer members are connected 
to a "main tension cable member" 21 at a number of discreet tie points. The positions along 
the main cable at which the sensors are deployed is not constant in D2 - the teaching of D2 is 
that the hydrophones are able move relative to the main cable 21 in order to form a vertical 
array. This can be seem by comparing figures 1 and 2 of D2. The amended claim 1 is novel 
and inventive over D2, since D2 does not disclose placing the hydrophones at a respective 
pre-determined location along the main tension cable member, and doing this would be 
contradictory to the teaching of D2. (It should be noted that the arrangement of D2 is 
unsuitable for use in an ocean bottom survey. Since the hydrophones can move both laterally 
and radially with respect to the main tension cable member, the positions of the hydrophones 
when the cable had been deployed on the sea bed would not be known - knowledge of the 
location of the main tension cable member would not allow the positions of the individual 
hydrophones to be determined. The uncertainty in the positions of the hydrophones would 
degrade the reliability of any acquired data.) 

In D3 the' positions of the geophones 16 are clearly not fixed along the cable. D3 clearly 
teaches that the sensors 12 are mounted on the line 30 by "ring members", so that each sensor 
can slide along the line 30. 

D4 relates to a towed marine cable in which an "active member" that contains sensors is 
suspended by ropes 10 from a point buoyancy member 8. Relative movement will be 
possible between the active member and buoyancy member (for example in rough seas). 

Finally, in D5 the seismic sources 13 are not disposed in the signal cable in the manner of the 
present invention. The seismic sources are suspended from the "core" 50, and this will 
require the provision of takeouts in the core to enable electrical connections to pass out of the 
core 50 to each source. The disadvantages set out at page 2, line 14 to page 1, line 2 will 
occur in D5. D5 does not teach or suggest the provision of a signal cable that is attached to a 
support cable at points spaced along the length of the signal cable. 

It is believed that a favourable IPER can now be issued. If, however, there should be any 
outstanding objections to patentability I request that a further written opinion is issued. 

Yours faithfully 
MARKS & CLERK 



Dr A.M. Suckling 
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1 . A seismic cable, comprising: 
a support cable; and 

at least one sensor module disposed on a signal cable, the signal cable being attached 
to the support cable at a plurality of points spaced along the length of the signal cable 
whereby the or each sensor module is disposed substantially at a predetermined location 
along the length of the seismic cable. 

2. The seismic cable of claim 1, further comprising a first sheath enclosing the 
support cable and the signal cable. 

3. The seismic cable of claim 2, wherein the first sheath comprises at least one of 
is a skin, a jacket or an extrusion matrix. 

s 

4. The seismic cable of claim 1, wherein the support cable includes a plurality of 
strengthening members. 

5. The seismic cable of claim 4, wherein the strengthening members are cabled 
by a second sheath. 

6. The seismic cable of claim 1, wherein the support cable includes at least one 
of a signal lead and a power lead, 

7. . The seismic cable of claim 6, further comprising an electronics module 
powered over the power lead and capable of transmitting data over the signal lead. 

8. The seismic cable of claim 7, wherein the support cable is sectioned. 
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9. The seismic cable of claim 1, wherein the signal cable includes a plurality of 
leads cabled by a third sheath. 

10. The seismic cable of claim 1, wherein the signal cable includes at least one 
strengthening member. 

11. The seismic cable of claim 1 , further comprising a plurality of sensor modules 
electrically connected to the signal cable. 

12. The seismic cable of claim 1, wherein the sensor modules transmit data and 
receive power over the signal cable. 

1 3 . The seismic cable of claim 1 , further comprising: 

a plurality of sensor modules electrically connected to and distributed along the signal 
cable; and 

a plurality of electronics modules by which the signal cable is attached to the support 
cable at the points. 

14. The seismic cable of claim 1, wherein the electronics modules are electrically 
connected to the signal cable at the points and mechanically connected to the support cable. 

15. The seismic cable of claim 1, wherein the signal cable is attached to the 
support cable by a zipper mechanism. 

16 The seismic cable of claim 1, wherein the plurality of points are spaced along 
the length of the signal cable in proportion to a length of the sensor module. 

17. The seismic cable of claim 16, wherein the plurality of points are positioned 
between adjacent sensor modules 
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18. The seismic cable of claim 16, wherein the separations are created by pulling a 
rip cord fabricated in the seismic cable to detach the signal cable from the support cable. 

19. The seismic cable of claim 1, further comprising a plurality of arms 
mechanically affixed to the support cable and rotationally connected to the signal cable to 
attach the signal cable to the support cable at the points. 

20. The seismic cable of claim 19, wherein the arms are at least one of rigid and 
semi-rigid arms. 

21. The seismic cable of claim 19, wherein the arms are mechanically fixed by a 
plurality of clamps. 

22. The seismic cable of claim 19, wherein the arms are rotationally connected by 
a bearing. 

23. The seismic cable of claim 19, further cqmprising a plurality of stops 
restraining movement of the rotational connection along the length of the signal cable. 

24. The seismic cable of claim 1, further comprising a plurality of sensor modules 
electrically connected to and distributed along the signal cable and by which the support 
cable and the signal cable are joined. 

25. The seismic cable of 24, wherein the support cable passes through a groove in 
the sensor modules. 

26. The seismic cable of claim 1, wherein each of the sensor modules comprises a 
housing defining a groove therethrough through which the support cable runs. 
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27. The seismic cable of claim 26, wherein the support cable is acoustically 
decoupled from the housing by a plurality of elastic devices. 

28. The seismic cable of claim 26, wherein the support cable is acoustically 
decoupled from the housing by freely moving through the groove relative to the sensor 
module. 

29. A method for assembling a seismic cable, comprising attaching a support 
cable to a signal cable at a plurality of points spaced along the length thereof. 

30. The method of claim 29, wherein attaching the support cable to the signal 
cable includes mechanically connecting an electronics module to the support cable and 
electrically connecting the electronics module to the signal cable. 

31. The method of claim 29, wherein attaching the support cable to the signal 
cable includes zipping the signal cable to the support cable at the points. 

32. The method of claim 29, wherein attaching the support cable to the signal 
cable includes separating the support cable and the signal cable between the points. 

33. The method of claim 32, wherein separating the support cable and the signal 
cable includes pulling a rip-cord. 

34. The method of claim 29, wherein attaching the support cable to the sensor 
includes mechanically affixing at least one of a rigid and a semi-rigid arm to the support 
cable and rotationally connecting the respective rigid or semi-rigid arm to the signal cable at 
each of the points. 
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35. The method of claim 29, wherein attaching the support cable to the signal 
cable includes connecting the support cable to the signal cable by a plurality of sensor 
modules. 
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® (57) Abstract: A seismic cable (1 10) and a method for assembling such a seismic cable are disclosed. The seismic cable (110) 

^ includes a support cable (205) and a signal cable (210) attached to the support cable (205) at a plurality of points spaced along the 

^ length of the signal cable (210). The seismic cable (110) also includes at least one sensor module (220) disposed on the signal cable 

^ (210). The method includes attaching a support cable (205 ) to a signal cable (210) at a plurality of points spaced along the length 

^ thereof. 
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MULTI-PART SEISMIC CABLE 



1. PTELTJ OF TTTF INVENTION 

This invention relates generally to seismic cable systems, and, more particularly, to a 
robust and reliable seismic cable system. 

2. DTTSCRTPTION OF THE RELATED ART 

Subsurface hydrocarbon accumulations are increasingly found in geologically 
complex areas. The ability to conduct accurate seismic surveys may help improve the 
discovery rates and even the production of such accumulations. Seismic surveying is a 
method of stimulating a geological subsurface formation with, e.g., electrical, magnetic, 
and/or acoustic signals to acquire seismic data about the formation. From this data, one can 
predict tell whether the formation contains hydrocarbon deposits and, if so, where. 

One type of seismic survey is generally referred to as a "marine" survey because it is 
typically conducted at sea, although this is not necessarily always Ihe case. During marine 
seismic surveys, seabed seismic cable systems are deployed to the bed of a sea, lake, river, or 
marsh. The water depth may range from several thousand meters up to the water/land 
transition zone. Water currents of considerable speed may pass over the cable system and 
create instability and deterioration of the seismic data quality. 

Seabed seismic cable systems generally are designed to meet two conflicting goals. 
First, the cable system must be robust and resistant to damage. For example, the cable 
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system must survive and operate at great water depth. Also, the cable system may be roughly 
bandied during deployment and retrieval. Second, the cable system should be sensitive to 
acoustic vibrations and not compromise the quality of data recorded by the sensor units. 

Although there are several types of seabed seismic cables, there are generalities in 
construction. A seabed seismic cable includes three main elements: stress members, leads, 
and a sheath. One or several stress members take the tension that can be applied to the 
seabed seismic cable during deployment and retrieval operations to protect other elements of 
the cable. The leads, which may be electrical or optical, transmit power and/or data, in 
analog or digital format, along the cable for collection and processing, e.g., on a survey 
vessel. The sheath is a skin, jacket or extrusion matrix protecting the seabed seismic cable 
against, notably, water ingress. 

One type of seabed cable is known as an "ocean bottom cable" ("OBC"), and is 
typically equipped with "takeouts." A full length of conventional OBC is seismic built, the 
jacket is then opened at the location were the sensors are located, and leads are extracted 
from the cable to form a take-out and connected to the sensors. The sensors are then attached 
to the cable. 

These types of cable are prone to water intrusion, electrical leakage, and wire kinking, 
as the take-outs are submitted to a high level of strain during cable handling. These cables 
usually have an asymmetric cross-section at the sensors, and the response will change 
depending on bow the sensors rest on the seafloor. These types of cables also expose the 
seismic receivers and the takeouts to a number potentially damaging obstacles on the seabed, 
thereby reducing the reliability of the collected data. Furthermore, because the takeouts are 
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extracted from the cable and not a separate component, the entire cable may need to be 
replaced if the takeouts are damaged, which can be expensive and time-consuming. 

Improvements to this type of apparatus appear in U.S. Patent No. 6,294,727 to Orlean, 
which provides for an "overmolding" of the cable and the sensor units. Improvements also 
appear in U.S. Patent and 6,333,898 to Knudsen et ah and U.S. Patent No. 6,041,282 to 
Wardeberg et ah (collective referred as "steel armored cables"), which provide for a 
preparation of steel armored cable without takeouts. However, the Orlean and steel armored 
cables still suffer from the drawbacks mentioned above, including water intrusion, electrical 
leakage, and wire-kinking. Furthermore, the Orlean and steel armored cables usually suffer 
from the asymmetric cross-section at the sensor units. 

Another type of seabed seismic cable system is commonly referred to as a logging 
type cable. Logging type cables typically have a full electrical/optical termination at each 
sensor unit, resulting in a high number of connection points. The high number of connection 
points negatively impacts the cable's reliability. Furthermore, the increased number of 
terminations makes the sensor unit large and heavy, which negatively impacts data quality. 

Yet another type of seabed seismic cable system comprises conventional cables with 
sensor units integrated inside a protective cable jacket One variation is known as a "streamer 
type" cable. The streamer type cable is an evolution of a towed seismic streamer for 
deployment on the seabed. The streamer type cable comprises spacers, sensor units, and a 
filler, which usually is oil. The streamer type cable has a constant diameter and therefore 
occupies a large volume when stored. An alternative variation is known as a "solid cable." 
One example of the solid cable is shown in U.S. Patent No. 6,333,897 to Knudsen et ah, 
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which can he produced with a constant diameter or a variable diameter. Both the constant 
diameter and the variable diameter cables pose potentially serious drawbacks. The cable with 
a constant diameter is extremely large, heavy and stiff; The cable with a variable diameter is 
difficult to manufacture. 

The present invention is directed to overcoming, or at least reducing the effects of, 
one or more of the problems set forth above. 

STTMMARY OF TWR INVENTION 

, The invention comprises a seismic cable and a method for assembling such a seismic 

cable. The apparatus comprises seismic cable including a support cable and a signal cable 
attached to the support cable at a plurality of points spaced along the length of the signal 
cable. The seismic cable also includes at least one sensor module disposed on the signal 
cable. The method includes attaching a support cable to a signal cable at a plurality of points 

5 spaced along the length thereof 

BRTEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the following description taken in 
conjunction with the accompanying drawings, in which like reference numerals identify like 
o elements, and in which: 

FIG. 1 illustrates a seismic survey vessel from which a seismic cable constructed and 
operated in accordance with the present invention is deployed; 
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FIG. 2A to FIG. 2C illustrate a first embodiment of the seismic cable of FIG. 1 in 
accordance with the present invention wherein: 

FIG. 2A illustrates in a partially sectioned view of the seismic cable of FIG. 
1, in accordance with one embodiment of the present invention; 
FIG. 2B illustrates the support cable of FIG. 2A cross -sectioned along line 
2B-2B in FIG. 2A; and 

FIG. 2C Ulustrates the signal cable of FIG. 2A cross-sectioned along line 2C- 
2CinFlG.2A; 

FIG. 3 illustrates a partial view of the seismic cable of FIG. 1, in accordance with 
one particular embodiment of the present invention in which Ihe support and signal cables are 
attached by the electronics modules; 

FIG. 4 illustrates a storage and deployment mechanism for the seismic cable of FIG. 
1, in accordance with a second embodiment alternative to th# in FIG. 3 in which the support 
and signal cables are joined by a zipper mechanism; 

FIG. 5 illustrates a partial, perspective, cross-sectioned view of the seismic cable of 
FIG. 1, in accordance with a third embodiment alternative to those in FIG. 3 and in FIG. 4 in 
which the support and signal cables are fabricated together and then separated by a rip-cord; 

FIG. 6 illustrates a partial plan view of the seismic cable of FIG. 1 5 in accordance 
with a fourth embodiment in which the support cable and the signal cable are attached by a 
rigid arm; and 
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FIG. 7A and FIG. 7B illustrate a fifth embodiment in a side, plan view and in an end, 
partially sectioned view (along line 7B-7B), respectively, which the support and signal cables 
are attached by the housings of the sensor modules. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined by the appended claims. 

DETAILED DESCRIPTION OF SPECIFI C EMBODIMENTS 
Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals, 
such as compliance with system-related and business-related constraints, which will vary 
from one implementation to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, but would nevertheless be a 
routine undertaking for those of ordinary skill in the art having the benefit of this disclosure. 

FIG. 1 illustrates a seismic survey system 100 in which a seismic survey vessel 105 
has deployed a seismic cable 1 1 0 to the bed 1 1 5 from the surface 120 of a body of water 1 25. 
In the illustrated embodiment the body of water 125 is part of an ocean. Consequendy, the 
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bed 115 is a seabed (or, ocean floor). However, the invention is not so limited, as the 
invention may used for surveys conducted in fresh and brackish waters. 

FIG. 2A illustrates a seismic cable 110 in accordance with one embodiment of the 
present invention. The seismic cable 110 comprises, a support cable 205 and a signal cable 
210 attached to the support cable 205 at a plurality of points 215 spaced along the length 
thereof. In the illustrated embodiment, the signal cable 210 former comprises a plurality of 
sensor modules 220, which will be discussed further below. In one embodiment the spacing 
of the points 215 is approximately proportional to a length of the sensor modules 220 so that 
the points 215 are located between each of the sensor modules 220. However, the present 
invention is not so limited. In alternative embodiments, the points 215 may be located at any 
desirable location. For example, the points 215 may be located between every other sensor 
module 220 or between successive pluralities of sensor modules 220. For another example, a 
plurality of points 2 1 5 may be located between each pair of sensor modules 220. 

As is shown in FIG. 2B, the support cable 205 includes one or more stress members 
225 (only one indicated) providing tension to the seismic cable 110. The stress members 225 
may be any type of stress member known to the art for handling tension in seismic cables. 
Examples of suitable stress members 225 include, but are not limited to, steel wire and utility 
cable. If more than one stress member 225 is employed, as in the illustrated embodiment the 
stress members 225 may be cabled together in any suitable fashion known to the art. For 
instance, in the illustrated embodiment, the stress members 225 are jacketed together, le. 9 
cabled together by enclosure in a jacket 230. Furthermore, in some embodiments, the support 
cable 205 may be filled with a filler 235 to, e.g., help protect against water intrusion. The 
filler 235 may be of any suitable type known to the art. 
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As is shown in FIG. 2C, the signal cable 210 comprises, inter alia, a plurality of 
signal leads 240, and, in the illustrated embodiment, one or more power leads 260. The 
signal leads 240 may include electrical leads 245 such as a twisted wire pair of leads, a 
coaxial cable, and the like. The signal lead 240 may also include one or more optical fibers 
250. As with the support cable 205, these elements may be cabled together in any suitable 
fashion known to the art. For instance, in the illustrated embodiment, the leads 240, 245, 
250, 260 are jacketed together, i.e., cabled together by enclosure in a jacket 265. 
Furthermore, in some embodiments, the signal cable 210 may be filled with a filler 270 to, 
e.g., help protect against water intrusion. The filler 270 may be of any suitable type known to 
the art. In the illustrated embodiment, the signal cable 210 also includes a stress member 275 
for providing extra support on forces exerted against the signal cable 210, although Ihe 
invention is not so limited. In alternative embodiments, the signal cable 210 may not include 
the stress member 275 or may include a plurality of stress members 275. 

Returning to FIG. 2A, the signal cable 210, in the, illustrated embodiment, further 
comprises one or more sensor modules 220. The sensor module 220 includes one or more 
sensors (not shown). Examples of sensors include, but are not limited to, geophones, 
accelerometers, hydrophones, tilt meters, and magnetometers. 



These sensors generate data in the course of survey operations and transmit that data 
over the signal cable 21 0 in a conventional manner. The sensors may include electronics for 
conditioning the signal and/or digitizing it. The sensor module 220 is typically connected to 
the signal cable 210 by one or more the sensor leads 240, 245, 250, 260 shown in Figure 2C. 
Note that the composition of sensors in each sensor module 220 may be the same or may be 
unique, depending on the implementation. To some degree, the choice of sensors may 
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influence the number and implementation of the signal and power leads (e.g., the leads 240, 
245, 250, 260 in FIG. 2C). 

The data from the sensors may be transmitted to one or more electronics modules (not 
shown in FIG. 2A) located along the seismic cable 110 or between cable sections. The 
electronics module is connected to the signal cable the signal cable 210 by one or more of the 
signal leads (e.g., the signal leads 240, 245, 250, 260 in FIG. 2C) of the signal cable. 
Alternatively, the functionality of the electronics module may reside in one or more of the 
sensor modules 220 in some alternative embodiments. The electronics module serves as a 
data transmission and power hub for the sensor modules 220. In one embodiment, the 
electronics module may comprise a high bandwidth bus capable of transmitting data between 
other electronics modules and to a computer or other computing device (not shown) on the 
seismic survey vessel 105 or at a remote location. In an alternative embodiment, the sensor 
module 220 may be connected to the signal cable 210 by a data bus (not shown). Regardless, 



one important function of the electronics module is to collect and forward the data generated 
and transmitted by the sensor modules. 

In one embodiment, the sensor module 220 is sufficiently sealed to protect against 
water intrusion and physical damage. However, in alternative embodiments, the seismic cable 
110 may be enclosed by a sheath, or protective outer covering (not shown).. In embodiments 
wherein the support cable 205 includes leads, the support cable 205 may also be enclosed by 
a sheath (not shown). The sheath protects sensitive electronics such as the signal cable 210 
and sensor module 220 from water intrusion and physical damage. The protective outer 
covering can be any skin, jacket or extrusion matrix known in conventional practice. 



25 
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Although the support cable 205 bypasses the sensor module 220 as illustrated in FIG. 
2A, in an alternative embodiment, a groove can be provided in the sensor module 220 such 
that the support cable 205 passes through the sensor module 220 via the groove. The support 
cable 205 can be acoustically decoupled from the sensor module 220 by one or more acoustic 
decoupling devices (not shown) between the groove' and the support cable 205, such as 
springs or elastic devices, as will be discussed further below. 

As was mentioned above, the signal cable 210 is attached to the support cable 205 at a 
plurality of points 215, shown generically in FIG. 2A. The invention admits wide variation 
in how this attachment may be accomplished, and may employ virtually any suitable 
attachment mechanism. FIG. 3 - FIG. 6 each illustrate various alternative embodiment 
employing and implementing different attachment mechanisms. More particularly: 



FIG. 3 illustrates an embodiment in which the attachment is made through 
electronics modules 305 being connected to both a signal cable 210 and a 



FTG. 4 illustrates the deployment of an embodiment in which the attachment 
is made through a zipper mechanism; 

FIG- 5 illustrates an embodiment in which the support cable 205 and the 
signal cable 210 are separated after fabrication by a rip-cord 505; and 
FIG. 6 illustrates an embodiment in which the attachment is made by a rigid 
arm 610. 



Each of these alternative embodiments shall now be discussed more fully in turn. 

FIG. 3 illustrates one embodiment of the seismic cable 110, in which an electronics 
module 305 separating two support cable sections referred in FIG. 3 as a left support cable 



support cable 205-A; 
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section 205-A and a right support cable section 205-B section. As mentioned, the electronics 
module 305 is placed at intervals along the seismic cable 1 10 of FIG. 1 and FIG. 2A and is 
generally placed between the support cable sections 205-A, 205-B. 

As illustrated in FJG. 3 ; the signal cable 210 is directly connected to the electronics 
module 305. In one embodiment, the left support cable section 205-A terminates on one side 
of the electronics module 305 and begins anew at the right support cable 205-B at another 
side of the electronics module 305. In an alternative embodiment the support cable sections 
205-A, 205-B pass through the electronic module 305. 

Although not illustrated in FIG. 3, it should be appreciated that at least of a portion 
the support cable sections 205-A, 205-B and signal cable 210 may be connected by some 
other attachment mechanism in addition to the attachment provided at the sensor module 305. 
For instance, the embodiment of FIG. 3 might also employ the rigid or semi-rigid arm 610 in 
FIG. 6, discussed more fully below. Thus, some embodiments mi^rt use several different 
types of attachment mechanisms. 

FIG. 4 illustrates an embodiment of the seismic cable 1 10 in FIG. 1 alternative to that 
of FIG. 3. A storage and deployment mechanism 405 is shown, which stores a continuous 
length of support cable 205 in a support cable storage 410 and a continuous length of signal 
cable 210 in a signal cable storage 415. As mentioned, the sensor module 220 and the 
electronics module 305 are directly connected to the signal cable 210 and are stored along 
with the signal cable 210 in the signal cable storage 415. It should be appreciated that 
although the support cable storage 410 and the signal cable storage 415 are illustrated in a 
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common "spool" configuration, any method of storing a continuous length of cable known in 
conventional practice may be used. 

The support cable 205 and the signal cable 210 are attached at one end by a zipper 
mechanism 420. As the support cable 205 is deployed from the support cable storage 410 
and signal cable 210 is removed from signal cable storage 415, the zipper mechanism 420 is 
guided in the direction of the spools 410, 415, thereby automatically attaching the support 
cable 205 with the signal cable 210. The zipper mechanism 420 can be any mechanism 
known in the art for automatically clamping two members in a zipping fashion. For example, 
the zipper mechanism 420 may comprise a plurality of clamps that are individually operated 
to attach the support cable 205 with the signal cable 210. The plurality of clamps may be 
located on the support cable 205, the signal cable 210, or bom. Another example of the zipper 
mechanism is a Velcro-based solution. Yet another example of a zipper mechanism is strong 
thread mat attaches the signal cable to the support cable by sowing, wrapping or knitting. 

S 

\ 

Because the sensor module 220 and the electronics module 305 are attached to the 
signal cable 210 without tension, the signal cable 210 will be subjected to relatively gentler 
handling. Furthermore, this embodiment of the seismic cable 110 allows for greater 
operation depth and easier handling in adverse weather. The design also allows easier and 
faster replacement of component parts in the seismic cable 110. Still further, because the 
signal cable 210 and support cable 205 can be stored without tension, less space is needed in 
the signal cable storage 415 and the support cable storage 410, respectively. One important 
feature of this arrangement is that the signal cable 210 is handled and stored with virtually no 
tension. This creates an opportunity for the cable designer to avoid certain conflicting 
requirements like cable strength vs. unwanted inter-cable acoustic coupling. 
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Note that, in some embodiments, the electronics module can be carried as part of the 
support cable 205, as opposed to the signal cable 210. In such an embodiment, the support 
cable 205 comprises one or more electronics modules 305 (first shown in FIG. 3) connected 
to one or more leads in the support cable 205. The leads may be electrical or optical, 
depending on their purpose and the particular embodiment. The leads may be foi 
transmitting data and power for the operation of the electronics modules 305. For instance, 
signal leads (e.g, the signal leads 240 shown in Figure 2C) may be used to transmit data from 
the electronics modules 305 to, e.g. 5 a computing device (not shown) located on the seismic 
survey vessel 105 (first shown in FIG. 1) or at the remote location. Similarly, leads may be 
employed for transmitting power from the survey vessel 105 to the electronics modules 305. 

One example of such a seismic cable 1 10 is illustrated in FIG. 5. The support cable 
205 and 1he signal cable 210 are manufactured together in one continuous unit and 
substantially enclosed by the protective outer covering 230. The signal cable 210 can be 
detached over short sections where the sensor modules (not shown in FIG. 5) are desired by 
pulling a rip-cord 505. Detaching the signal cable 210 from the seismic cable 110 leaves an 
empty groove 510. If the outer covering 230 is comprised of a thermoplastic, the rip-cord 
505 can be heated by electrical current, for example, to ease pulling the rip-cord 510. Once 
the signal cable 210 is detached, it can be terminated and connected to the sensor module 
220. The support cable 205, in the embodiment of FIG. 6, includes several signal leads 515 
(only one indicated) over which control and data signals may be transmitted and a power lead 
520 over which the electronic modules 320 may be powered. 
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FIG. 6 illustrates an alternative embodiment of the attachment mechanism 215 of 
FIG. 2A. Aarm 610 separates the support cable 205 from the signal cable 210 at a sufficient 
distance such that the support cable 205 and the signal cable 210 do not contact during 
deployment. In alternative embodiments, the arm 610 may be rigid or semi-rigid. A semi- 
rigid arm 610 will flex along the direction of the signal cable 2l0butbe rigid in the direction 
of rotation about the signal cable 210. The arm 610 is attached to the support cable 205 by a 
clamp 615. The arm 610 should generally be attached loosely to the signal cable 210 such 
that excess torsion is not introduced into the signal cable 210. For example, as illustrated in 
FIG. 6, the arm 610 is attached to the signal cable 210 by a bearing 620 that allows the 
signal cable 210 to rotate freely around the signal cable 210 and move axially between two 
stop clamps 625. 

FIG. 7A and FIG. 7B illustrate another alternative embodiment in which the support 
cable 205 and the signal cable 210 are attached by the housings of the sensor modules 220 
themselves. The view in FIG. 7B is from the direction of the arrow 705 in FIG. 7A and 
sectioned along the line 7B-7B in FIG. 7A. As was alluded to earlier, the support cable 205 
is acoustically decoupled from the housing 710 of the sensor module 220 by a plurality of 
elastic devices 715 (only one indicated), such as springs, as is shown in FIG. 7B. In some 
alternative embodiments, the elastic devices 715 may be omitted. Note that a plurality of 
electrical connections 725 (only one indicated) are conceptually illustrated between the signal 
cable 210 and the sensor module 220. 



The elastic devices 715 are positioned between the support cable 705 and the sensor 
bousing 710 in the groove 720 defined by the sensor bousing 710 and through which the 
25 support cable 205 runs. Such decoupling techniques are known to the art, and one is more 
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fully disclosed in International Patent WO0214905, published February 21, 2002, in the name 
of James Martin, Nicolas Goujon, Frederik Naes, and Rune Voldsbekk.., and entitled "A 
HOUSING FOR A SEISMIC SENSING ELEMENT AND A SEISMIC SENSOR," 
However, other techniques may also be employed in alternative embodiments. For instance, 
some embodiments, the support cable is decoupled from the sensor housing 710 by being 
permitted to slide freely through the groove 720 relative to the sensor module 220. 

The present invention facilitates acoustic decoupling of the sensor modules 220 — and, 
hence, the sensors — from the stress member 205, which is rigid and under tension, and 
therefore improves the data quality recorded by the system 100. The various embodiments 
described herein provide a robust cable 110 capable of being subjected to rough handling 
when the cable 1 10 is deployed and/or retrieved. The robust cable 1 10 is further capable of 
being subjected to great water depth and pressure. Although the cable 110 is substantially 
robust, the cable 1 10 delivers higher data quality than previous cables. More particularly, in 

s 

its various aspects and embodiments, the invention provides the following advantages over 
the state of the art: 

higher reliability of the connections to the sensor modules 220, as takeouts are 
eliminated; 

reduced number of connections; 

increased cable strength as terminations of the stress member 205 are 
eliminated; 

improved sensor-to-ground coupling due to the smaller and lighter sensor 
module 220; 

more precise data recording independent of how the sensor module 220 rests 
on the seafloor due to axial symmetry of the cable 1 10 and sensor module 220; 
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mechanical decoupling between the sensor module 220 and the support cable, 
thus freeing the sensor module 220 from the stresses on the stress member 205 
and improving data quality; 
high data quality independent of water depth; 

higher possibility for the same axial symmetry for the cable 110 as for the 
sensor module 220 and for positioning the sensor module 220 closer to the 
center of gravity of the sensor module 220 — thereby providing consistent and 
repeatable independent of how the sensor module 220 lies on the seafloor; 
higher modularity of cable construction providing increased reparability, 
reconfiguration possibilities, improved depth-appropriate assembly, and even 
the possibility of omitting stress canying support for shallow water operations; 
easier handling procedures, as the stress member 205 and the signal cable 210 
can be separated for storage and shipping; and 

safer handling for components since the sensor module 220 can be stored 
separately from the stress member 205, thereby reducing danger to the sensor 
module 220 from tension on the stress member 205. 

Note that not all of these advantages will be realized in every embodiment of the invention. 

Still other advantages may become apparent to those skilled in the art having the benefit of 

this disclosure. 

This concludes the detailed description. The particular embodiments disclosed above 
are illustrative only, as the invention may be modified and practiced in different but 
equivalent manners apparent to those skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the details of construction or design 
herein shown, other than as described in the claims below. It is therefore evident that the 
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particular embodiments disclosed above may be altered or modified and all such variations 
are considered within the scope and spirit of the inventioa Accordingly, the protection 
sought herein is as set forth in the claims below. 
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CLAIMS 

1. A seismic cable, comprising: 
a support cable; 

a signal cable attached to the support cable at a plurality of points spaced along the 

length of the signal cable; and 
at least one sensor module disposed on the signal cable. 

2. The seismic cable of claim 1, further comprising a first sheath enclosing the 
support cable and the signal cable. 

3. The seismic cable of claim 2, wherein the first sheath comprises at least one of 
is a skin, a jacket or an extrusion matrix. 

4. The seismic cable of claim 1, wherein the support cable includes a plurality of 
strengthening members. 

5. The seismic cable of claim 4, wherein the strengthening members are cabled 
by a second sheath. 

6. The seismic cable of claim 1, wherein the support cable includes at least one 
of a signal lead and a power lead. 

7. The seismic cable of claim 6, further comprising an electronics module 
powered over the power lead and capable of transmitting data over the signal lead. 

8. The seismic cable of claim 7, wherein the support cable is sectioned. 
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9. The seismic cable of claim 1, wherein the signal cable includes a plurality of 
leads cabled by a third sheath. 

10. The seismic cable of claim 1, wherein the signal cable includes at least one 
strengthening member. 

1 1 . The seismic cable of claim 1, further comprising a plurality of sensor modules 
electrically connected to the signal cable. 

12. The seismic cable of claim 1, wherein the sensor modules transmit data and 
receive power over the signal cable. 

13. The seismic cable of claim 1, further comprising: 

a plurality of sensor modules electrically connected to and distributed along the signal 
cable; and 

a plurality of electronics modules by which the signal cable is attached to the support 
cable at the points. 

14. The seismic cable of claim 1, wherein the electronics modules are electrically 
connected to the signal cable at the points and mechanically connected to the support cable. 

15. The seismic cable of claim 1 3 wherein the signal cable is attached to the 
support cable by a zipper mechanism. 

16 The seismic cable of claim 1, wherein the plurality of points are spaced along 
the length of the signal cable in proportion to a length of the sensor module. 

17. The seismic cable of claim 16, wherein the plurality of points are positioned 
between adjacent sensor modules 
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18. The seismic cable of claim 1 6, wherein the separations are created hy pulling a 
rip cord fabricated in the seismic cable to detach the signal cable from the support cable. 

19. The seismic cable of claim 1, further comprising a plurality of arms 
mechanically affixed to the support cable and rotatiorjaUy connected to the signal cable to 
attach the signal cable to the support cable at the points. 

20. The seismic cable of claim 19, wherein the arms are at least one of rigid and 
semi-rigid arms. 

21. The seismic cable of claim 19, wherein the arms are mechanically fixed by a 
plurality of clamps. 

22. The seismic cable of claim 1 9, wherein the arms are rotationally connected by 
a bearing. 

23. The seismic cable of claim 19, further comprising a plurality of stops 
restraining movement of the rotational connection along the length of the signal cable. 

24. The seismic cable of claim 1, further comprising a plurality of sensor modules 
electrically connected to and distributed along the signal cable and by which the support 
cable and the signal cable are joined. 

25. The seismic cable of 24, wherein the support cable passes through a groove in 
the sensor modules. 

26. The seismic cable of claim 1, wherein each of the sensor modules comprises a 
housing defining a groove therethrough through which the support cable runs. 
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27. The seismic cable of claim 26, wherein the support cable is acoustically 
decoupled from the housing by a plurality of elastic devices. 

28. The seismic cable of claim 26, wherein the support cable is acoustically 
decoupled from the bousing by freely moving through the groove relative to the sensor 
module. 

29. A method for assembling a seismic cable, comprising attaching a support 
cable to a signal cable at a plurality of points spaced along the length thereof. 

30. The method of claim 29, wherein attaching the support cable to the signal 
cable includes mechanically connecting an electronics module to the support cable and 
electrically connecting the electronics module to the signal cable. 

31. The method of claim 29, wherein attaching the support cable to the signal 
cable includes zipping the signal cable to the support cable at the points. 

32. The method of claim 29, wherein attaching the support cable to the signal 
cable includes separating the support cable and the signal cable between the points. 

33. The method of claim 32, wherein separating the support cable and the signal 
cable includes pulling a rip-cord. 

34. The method of claim 29, wherein attaching the support cable to the sensor 
includes mechanically affixing at least one of a rigid and a semi-rigid arm to the support 
cable and rotationally connecting the respective rigid or semi-rigid arm to the signal cable at 
each of the points. 
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35. The method of claim 29, wherein attaching the support cable to the signal 
cable includes connecting the support cable to the signal cable by a pluraUty of sensor 
modules. 
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International application No. PCT/EP 03y50702 



i. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Articie 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 



Description, Pages 

1-17 as originally filed 

Claims, Numbers 

*i ' • .... 

1 -35 received on 24.09.2004 with letter of 24.09.2004 

Drawings, Sheets 

1/4-4/4 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 and/br 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

-..lO . The statement that the information recorded in computer- readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement 



1 . Statement 
Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 



Yes: Claims 

No: Claims 

Yes: Claims 

No: Claims 

Yes: Claims 

No: Claims 
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1-35 
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1 .) Reference is made to the following documents: 

D1 : US-A-2 923 916 (WOODWORTH JOHN H.) 2 February 1960 (1960-02-02) 
D2: US-A-3 372 368 (DALE JOHN R ET AL) 5 March 1 968 (1 968-03-05) 
D3: US-A-4 398 276 (KRUPPENBACH JOHN A) 9 August 1983 (1 983-08-09) 
D4: US-A-4 884 249 (SNOOK OLIVE T) 28 November 1 989 (1 989-1 1 -28) 



2.) Technical field: seismic streamers 



3.) Novelty (Art.33(1),(2) PCT) and inventive step (Art.33(1),(3) PCT): 

3.1) The present application does not meet the requirements of Article 33(1 ),(3) PCT, 
because the subject-matter of claim 1 is not inventive over D4. 

D4 discloses a seismic cable system comprising a tubular shaped elongated and 
flexible support structure (D4; ref.8 in fig.2; col.3, li.20,21) which supports an active 
electronic cable 9 (D4; col.3, li.18,19). Cable 9 is equipped with sensors. The active 
cable 9 (signal cable) is attached to the support cable at a plurality of points spaced 
along the length of the signal cable (D4; fig.2, col.3, li.42-55). 

D4 does not clearly state if reference 13 in fig.2 indicates the means for reception of 
• ^ seismic signals (see also D4; col.2, li.6,7) which in fact would render D4 even-novelty , 
destroying over claim 1 . 

However, even if taking reference 13 not into consideration, it is clear to the skilled 
person that disposing the sensor moduls substantially at a predetermined location 
along the length of the seismic cable is state of the art in marine seismics when 
operating with streamers. 

Therefore, the subject-matter of claim 1 cannot be considered as being inventive over 
the prior art as taught in D4. 



3.2) The subject-matter of independent claim 29 is not new over the prior art as 
disclosed in D4. 

D4 discloses a method for assembling a seismic cable, comprising: attaching a support 
cable (D4; ref.8) to a signal cable (D4; ref.9) at a plurality of points spaced along the 
length thereof (D4; fig.2). 

3.3) The subject-matter of independent claim 29 is also not new with regard to the prior 
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art as disclosed in D1 and D2 (s. cited passages in the ISR), nor is it considered to be 
inventive over the prior art as disclosed in D3 (s. cited passages of the ISR). The 
subject-matter of claim 1 differs from D3 in that a support cable is used and not only a 
support wire which has the additional advantage of making the system more flexible 
and efficient. It is clear to the skilled person, also in the light of documents D1 or D2, 
that such a cable can easily be employed instead of a simple wire in order to arrive at 
such an advantage. Using a cable instead of a wire does therefore not constitute an 
inventive step. 

3.4) The subject matters of dependent claims 6-8,1 1-14,16,24,27,30,32 and 35 are not 
inventive: they can be found in D1, D2 or D3 - Art.33 (1),(3) PCT (s. also the cited 
passages and figures in the ISR). 

3.5) The subject-matters of dependent claims 2-5, 9,10, 15, 17-23, 25,26,28, 31, 33 
and 34 are not considered to be inventive (Art. 33(1 ),(3) PCT). They appear to be a 
matter of normal design procedure in order to build a seismic cable system comprising 
a signal cable (with sensor devices) supported by a support cable. 

4.) Industrial applicability (Art.33(1 ),(4) PCT): 

Beyond any doubt the invention, as defined in claims 1-35 is industrially applicable. 
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CLAIMS 



1. 



A seismic cable, comprising: 



a support cable; 

a signal cable attached to the support cable at a plurality of points spaced along the 

length of the signal cable; and 
at least one sensor module disposed on the signal cable. 



support cable and the signal cable. 

3. The seismic cable of claim 2, wherein the first sheath comprises at least one of 
is a skin, a jacket or an extrusion matrix. 

4. The seismic cable of claim 1, wherein the support cable includes a plurality of 
strengthening members. 

5. The seismic cable of claim 4, wherein the strengthening members are cabled 
by a second sheath. 

6. The seismic cable of claim 1, wherein the support cable includes at least one 
of a signal lead and a power lead. 

7. The seismic cable of claim 6, further comprising an electronics module 
powered over the power lead and capable of transmitting data over the signal lead. 

8. The seismic cable of claim 7, wherein the support cable is sectioned. 



2. 



The seismic cable of claim 1, further comprising a first sheath enclosing the 
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i. 9. The seismic cable of claim 1 3 wherein the signal cable includes a plurality of 

2 leads cabled by a third sheath. 

1 10. The seismic cable of claim 1, wherein the signal cable includes at least one 

2 strengthening member. 

1 11. The seismic cable of claim 1 , further comprising a plurality of sensor modules 

2 electrically connected to the signal cable. 

1 12. The seismic cable of claim 1, wherein the sensor modules transmit data and 

2 receive power over the signal cable. 

1 13. The seismic cable of claim 1, further comprising: 

2 a plurality of sensor modules electrically connected to and distributed along the signal 

3 cable; and 

4 a plurality of electronics modules by which the signal cable is attached to the support 

5 cable at the points. 

1 14. The seismic cable of claim 1, wherein the electronics modules are electrically 

2 connected to the signal cable at the points and mechanically connected to the support cable. 

1 IS. The seismic cable of claim 1, wherein the signal cable is attached to the 

2 support cable by a zipper mechanism. 

1 16 The seismic cable of claim 1, wherein the plurality of points are spaced along 

2 the length of the signal cable in proportion to a length of the sensor module. 

1 17. The seismic cable of claim 16, wherein the plurality of points are positioned 

2 between adjacent sensor modules 
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18. The seismic cable of claim 16, wherein the separations are created by pulling a 

2 rip cord fabricated in the seismic cable to detach the signal cable from the support cable. 

1 19. The seismic cable of claim 1, further comprising a plurality of arms 

2 mechanically affixed to the support cable and rotationally connected to the signal cable to 

3 attach the signal cable to the support cable at the points. 

1 20. The seismic cable of claim 19, wherein the arms are at least one of rigid and 

2 semi-rigid arms. 

1 21. The seismic cable of claim 19, wherein the arms are mechanically fixed by a 

2 plurality of clamps. 

1 22. The seismic cable of claim 19, wherein the arms are rotationally connected by 

2 a bearing. 

1 23. The seismic cable of claim 19, further comprising a plurality of stops 

2 restraining movement of the rotational connection along the length of the signal cable. 

1 24. The seismic cable of claim 1, further comprising a plurality of sensor modules 

2 electrically connected to and distributed along the signal cable and by which the support 

3 cable and the signal cable are joined. 

1 25. The seismic cable of 24, wherein the support cable passes through a groove in 

2 the sensor modules. 

1 26. The seismic cable of claim 1, wherein each of the sensor modules comprises a 

2 housing defining a groove therethrough through which the support cable runs. 
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/ 

«T 27. The seismic cable of claim 26, wherein the support cable is acoustically 

2 decoupled from the housing by a plurality of elastic devices. 

1 28. The seismic cable of claim 26, wherein the support cable is acoustically 

2 decoupled from the housing by freely moving through the groove relative to the sensor 

3 module. 



i 



29. A method for assembling a seismic cable, comprising attaching a support 



2 cable to a signal cable at a plurality of points spaced along the length thereof. 

1 30. The method of claim 29, wherein attaching the support cable to the signal 

2 cable includes mechanically connecting an electronics module to the support cable and 

3 electrically connecting the electronics module to the signal cable. 

1 31. The method of claim 29, wherein attaching the support cable to the signal 

2 cable includes zipping the signal cable to the support cable at the points. 

1 32. The method of claim 29, wherein attaching the support cable to the signal 

2 cable includes separating the support cable and the signal cable between the points. 

1 33. The method of claim 32, wherein separating the support cable and the signal 

2 cable includes pulling a rip-cord. 

1 34. The method of claim 29, wherein attaching the support cable to the sensor 

2 includes mechanically affixing at least one of a rigid and a semi-rigid arm to the support 

3 cable and rotationally connecting the respective rigid or semi-rigid arm to the signal cable at 

4 each of the points. 
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35. The method of claim 29, wherein attaching the support cable to the signal 
cable includes connecting the support cable to the signal cable by a plurality of sensor 
modules. 
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TVfTTTTT-PART SEI&llflCXABLE 



1. FIELD OF THE INVENTION 

This invention relates generally to seismic cable systems, and, more particularly, to a 
robust and reliable seismic cable system. 

2. DESCRIPTION OF TPV "RELATED ART 

Subsurface hydrocarbon accumulations are increasingly found in geologically 
complex areas. The ability to conduct accurate seismic surveys may help improve the 
discovery rates and even the production of such accumulations. Seismic surveying is a 
method of stimulating a geological subsurface formation with, e.g. 9 electrical, magnetic, 
and/or acoustic signals to acquire seismic data about the formation. From this data, one can 
predict tell whether the formation contains hydrocarbon deposits and, if so, where. 

One type of seismic survey is generally referred to as a "marine" survey because it is 
typically conducted at sea, although this is not necessarily always the case. During marine 
seismic surveys, seabed seismic cable systems are deployed to the bed of a sea, lake, river, or 
marsh. The water depth may range from several thousand meters up to the water/land 
transition zone. Water currents of considerable speed may pass over the cable system and 
create instability and deterioration of the seismic data quality. 

Seabed seismic cable systems generally are designed to meet two conflicting goals. 
First, the cable system must be robust and resistant to damage. For example, the cable 
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system must survive and operate at great water depth. Also, the cable system may be roughly 
handled during deployment and retrieval. Second, the cable system should be sensitive to 
acoustic vibrations and not compromise the quality of data recorded by the sensor units. 

Although there are several types of seabed seismic cables, there are generalities in 
construction. A seabed seismic cable includes three main elements: stress members, leads, 
and a sheath. One or several stress members take the tension that can be applied to the 
seabed seismic cable during deployment and retrieval operations to protect other elements of 
the cable. The leads, which may be electrical or optical, transmit power and/or data, in 
analog or digital format, along the cable for collection and processing, e.g. 9 on a survey 
vessel. The sheath is a skin, jacket or extrusion matrix protecting the seabed seismic cable 
against, notably, water ingress. 

One type of seabed cable is known as an "ocean bottom cable" ("OBC")> and is 
typically equipped with "takeouts." A full length of conventional OBC is seismic built, the 
jacket is then opened at the location were the sensors are located, and leads are extracted 
from the cable to form a take-out and connected to the sensors. The sensors are then attached 
to the cable. 

These types of cable are prone to water intrusion, electrical leakage, and wire kinking, 
as the take-outs are submitted to a high level of strain during cable handling. These cables 
usually have an asymmetric cross-section at the sensors, and the response will change 
depending on how the sensors rest on the seafloor. These types of cables also expose the 
seismic receivers and the takeouts to a number potentially damaging obstacles on the seabed, 
thereby reducing the reliability of the collected data. Furthermore, because the takeouts are 
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extracted from the cable and not a separate component, the entire cable may need to be 
replaced if the takeouts are damaged, which can be expensive and time-consuming. 

Improvements to this type of apparatus appear in U.S. Patent No. 6,294,727 to Orlean, 
which provides for an "overmolding" of the cable and Hie sensor units. Improvements also 
appear in U.S. Patent and 6,333,898 to Knudsen et al. and U.S. Patent No. 6,041,282 to 
Wardeberg et al. (collective referred as "steel armored cables"), which provide for a 
preparation of steel armored cable without takeouts. However, the Orlean and steel armored 
cables still suffer from the drawbacks mentioned above, including water intrusion, electrical 
leakage, and wire-kinking. Furthermore, the Orlean and steel armored cables usually suffer 
from the asymmetric cross-section at the sensor units. 

Another type of seabed seismic cable system is commonly referred to as a logging 
type cable. Logging type cables typically have a full electrical/optical termination at each 
sensor unit, resulting in a high number of connection points. The high number of connection 
points negatively impacts the cable's reliability. Furthermore, the increased number of 
terminations makes the sensor unit large and heavy, which negatively impacts data quality. 

Yet another type of seabed seismic cable system comprises conventional cables with 
sensor units integrated inside a protective cable jacket One variation is known as a "streamer 
type" cable. The streamer type cable is an evolution of a towed seismic streamer for 
deployment on the seabed. The streamer type cable comprises spacers, sensor units, and a 
filler, which usually is oil. The streamer type cable has a constant diameter and therefore 
occupies a large volume when stored. An alternative variation is known as a "solid cable." 
One example of the solid cable is shown in U.S. Patent No. 6,333,897 to Knudsen et aL, 
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which can he produced with a constant diameter or a variable diameter. Both the constant 
diameter and the variable diameter cables pose potentially serious drawbacks. The cable with 
a constant diameter is extremely large, heavy and stiff. The cable with a variable diameter is 
difficult to manufacture. 

The present invention is directed to overcoming, or at least reducing the effects of, 
one or more of the problems set forth above. 

SUMMARY OF THE INVENTION 

The invention comprises a seismic cable and a method for assembling such a seismic 
cable. The apparatus comprises seismic cable including a support cable and a signal cable 
attached to the support cable at a plurality of points spaced along the length of the signal 
cable. The seismic cable also includes at least one sensor module disposed on the signal 
cable. The method includes attaching a support cable to a signal cable at a plurality of points 
spaced along the length thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the following description taken in 
conjunction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 

FIG. 1 illustrates a seismic survey vessel from which a seismic cable constructed and 
operated in accordance with the present invention is deployed; 
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BIG. 2A to FIG. 2C illustrate a first embodiment of the seismic cable of FIG. 1 in 
accordance with the present invention wherein: 

FIG. 2A illustrates in a partially sectioned view of the seismic cable of FIG. 
1, in accordance with one embodiment of the present invention; 
FIG. 2B illustrates the support cable of FIG. 2A cross -sectioned along line 
2B-2B in FIG. 2A; and 

FIG. 2C illustrates the signal cable of FIG. 2A cross-sectioned along line 2C- 
2CinFIG.2A; 

FIG. 3 illustrates a partial view of the seismic cable of FIG. 1, in accordance with 
one particular embodiment of the present invention in which the support and signal cables are 
attached by the electronics modules; 

FIG. 4 illustrates a storage and deployment mechanism for the seismic cable of FIG. 
1, in accordance with a second embodiment alternative to that in FIG. 3 in which the support 
and signal cables are joined by a zipper mechanism; 

FIG. 5 illustrates a partial, perspective, cross-sectioned view of the seismic cable of 
FIG. 1, in accordance with a third embodiment alternative to those in FIG. 3 and in FIG. 4 in 
which the support and signal cables are fabricated together and then separated by a rip-cord; 

FIG. 6 illustrates a partial plan view of the seismic cable of FIG. 1, in accordance 
with a fourth embodiment in which the support cable and the signal cable are attached by a 
rigid arm; and 
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FIG. 7A and FIG. 7B illustrate a fifth embodiment in a side, plan view and in an end, 
partially sectioned view (along line 7B-7B), respectively, which the support and signal cables 
are attached by the housings of the sensor modules. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
felling within the spirit and scope of the invention as defined by the appended claims. 

TORT ATT ,F D DESCRIPTION OF SPECIFIC EMBODIMENTS 

Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals, 
such as compliance with system-related and business-related constraints, which will vary 
from one implementation to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, but would nevertheless be a 
routine undertaking for those of ordinary skill in the art having the benefit of this disclosure. 

FIG. 1 illustrates a seismic survey system 100 in which a seismic survey vessel 105 
has deployed a seismic cable 110 to the bed 115 from the surface 120 of a body of water 125. 
In the illustrated embodiment, the body of water 125 is part of an ocean. Consequently, the 
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bed 115 is a seabed (or, ocean floor). However, the invention is not so limited, as the 
invention may used for surveys conducted in fresh and brackish waters. 

BIG. 2A illustrates a seismic cable 110 in accordance with one embodiment of the 
present invention. The seismic cable 110 comprises a support cable 205 and a signal cable 
210 attached to the support cable 205 at a plurality of points 215 spaced along the length 
thereof. In the illustrated embodiment, the signal cable 210 further comprises a plurality of 
sensor modules 220, which will be discussed further below. In one embodiment, the spacing 
of the points 215 is approximately proportional to a length of the sensor modules 220 so that 
the points 215 are located between each of the sensor modules 220. However, the present 
invention is not so limited. In alternative embodiments, the points 215 may be located at any 
desirable location. For example, the points 215 may be located between every other sensor 
module 220 or between successive pluralities of sensor modules 220. For another example, a 
plurality of points 215 may be located between each pair of sensor modules 220. 

As is shown in FIG. 2B, the support cable 205 includes one or more stress members 
225 (only one indicated) providing tension to the seismic cable 1 10. The stress members 225 
may be any type of stress member known to the art for handling tension in seismic cables. 
Examples of suitable stress members 225 include, but are not limited to, steel wire and utility 
cable. If more than one stress member 225 is employed, as in the illustrated embodiment, the 
stress members 225 may be cabled together in any suitable fashion known to the art. For 
instance, in the illustrated embodiment, the stress members 225 are jacketed together, f.e, 
cabled together by enclosure in a jacket 230. Furthermore, in some embodiments, the support 
cable 205 may be filled with a filler 235 to, e.g., help protect against water intrusion. The 
filler 235 may be of any suitable type known to the art. 
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As is shown in BIG. 2C, the signal cable 210 comprises, inter alia, a plurality of 
signal leads 240, and, in the illustrated embodiment, one or more power leads 260. The 
signal leads 240 may include electrical leads 245 such as a twisted wire pair of leads, a 
coaxial cable, and the like. The signal lead 240 may also include one or more optical fibers 
250. As with the support cable 205, these elements may be cabled together in any suitable 
fashion known to the art. For instance, in the illustrated embodiment, the leads 240, 245, 
250, 260 are jacketed together, i.e., cabled together by enclosure in a jacket 265. 
Furthermore, in some embodiments, the signal cable 210 may be filled with a filler 270 to, 
e.g. 9 help protect against water intrusion. The filler 270 may be of any suitable type known to 
the art. In the illustrated embodiment, the signal cable 210 also includes a stress member 275 
for providing extra support on forces exerted against the signal cable 210, although the 
invention is not so limited. In alternative embodiments, the signal cable 210 may not include 
the stress member 275 or may include a plurality of stress members 275. 

Returning to FIG. 2A, the signal cable 210, in the illustrated embodiment, further 
comprises one or more sensor modules 220. The sensor module 220 includes one or more 
sensors (not shown). Examples of sensors include, but are not limited to, geophones, 
accelerometers, hydrophones, tilt meters, and magnetometers. 

These sensors generate data in the course of survey operations and transmit that data 
over the signal cable 210 in a conventional manner. The sensors may include electronics for 
conditioning the signal and/or digitizing it. The sensor module 220 is typically connected to 
the signal cable 210 by one or more the sensor leads 240, 245, 250, 260 shown in Figure 2C. 
Note that the composition of sensors in each sensor module 220 may be the same or may be 
unique, depending on the implementation. To some degree, the choice of sensors may 
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influence the number and implementation of the signal and power leads (e.g., the leads 240, 
245, 250, 260 in FIG. 2C). 

The data from the sensors may be transmitted to one or more electronics modules (not 
shown in FIG. 2A) located along the seismic cable 1 10 or between cable sections. The 
electronics module is connected to the signal cable the signal cable 210 by one or more of the 
signal leads (e.g., the signal leads 240, 245, 250, 260 in FIG. 2C) of the signal cable. 
Alternatively, the functionality of the electronics module may reside in one or more of the 
sensor modules 220 in some alternative embodiments. The electronics module serves as a 
data transmission and power hub for the sensor modules 220. In one embodiment, the 
electronics module may comprise a high bandwidth bus capable of transmitting data between 
other electronics modules and to a computer or other computing device (not shown) on the 
seismic survey vessel 105 or at a remote location. In an alternative embodiment, the sensor 
module 220 may be connected to the signal cable 210 by a data bus (not shown). Regardless, 
one important function of the electronics module is to collect and forward the data generated 
and transmitted by the sensor modules. 

In one embodiment, the sensor module 220 is sufficiently sealed to protect against 
water intrusion and physical damage. However, in alternative embodiments, the seismic cable 
110 may be enclosed by a sheath, or protective outer covering (not shown).. In embodiments 
wherein the support cable 205 includes leads, the support cable 205 may also be enclosed by 
a sheath (not shown). The sheath protects sensitive electronics such as the signal cable 210 
and sensor module 220 from water intrusion and physical damage. The protective outer 
covering can be any skin, jacket, or extrusion matrix known in conventional practice. 
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Although the support cable 205 bypasses the sensor module 220 as illustrated in FIG. 
2A, in an alternative embodiment, a groove can be provided in the sensor module 220 such 
that the support cable 205 passes through the sensor module 220 via the groove. The support 
cable 205 can be acoustically decoupled from the sensor module 220 by one or more acoustic 
decoupling devices (not shown) between the groove and the support cable 205, such as 
springs or elastic devices, as will be discussed further below. 

As was mentioned above, the signal cable 210 is attached to the support cable 205 at a 
plurality of points 215, shown generically in FIG. 2A. The invention admits wide variation 
in how this attachment may be accomplished, and may employ virtually any suitable 
attachment mechanism. FIG. 3 - FIG. 6 each illustrate various alternative embodiment 
employing and implementing different attachment mechanisms. More particularly: 

FIG. 3 illustrates an embodiment in which the attachment is made through 
electronics modules 305 being connected to both a signal cable 210 and a 
support cable 205-A; 

FIG. 4 illustrates the deployment of an embodiment in which the attachment 
is made through a zipper mechanism; 

FIG. 5 illustrates an embodiment in which the support cable 205 and the 
signal cable 210 are separated after fabrication by a rip-cord 505; and 
FIG. 6 illustrates an embodiment in which the attachment is made by a rigid 
arm 610. 

Each of these alternative embodiments shall now be discussed more fully in turn. 

FIG. 3 illustrates one embodiment of the seismic cable 110, in which an electronics 
module 305 separating two support cable sections referred in FIG. 3 as a left support cable 
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section 205-A and a right support cable section 205-B section. As mentioned, the electronics 
module 305 is placed at intervals along the seismic cable 1 10 of FIG. 1 and FIG. 2A and is 
generally placed between the support cable sections 205-A, 205-B. 

As illustrated in FIG. 3, the signal cable 210 is directly connected to the electronics 
module 305. In one embodiment, the left support cable section 205-A terminates on one side 
of the electronics module 305 and begins anew at the right support cable 205-B at another 
side of the electronics module 305. In an alternative embodiment, the support cable sections 
205-A, 205-B pass through the electronic module 305. 

Although not illustrated in FIG. 3, it should be appreciated that at least of a portion 
the support cable sections 205-A, 205-B and signal cable 210 may be connected by some 
other attachment mechanism in addition to the attachment provided at the sensor module 305. 
For instance, the embodiment of FIG. 3 might also employ the rigid or semi-rigid arm 610 in 
FIG. 6, discussed more fully below. Thus, some embodiments might use several different 
types of attachment mechanisms. 

FIG. 4 illustrates an embodiment of the seismic cable 1 10 in FIG. 1 alternative to that 
of FIG. 3. A storage and deployment mechanism 405 is shown, which stores a continuous 
length of support cable 205 in a support cable storage 410 and a continuous length of signal 
cable 210 in a signal cable storage 415. As mentioned, the sensor module 220 and the 
electronics module 305 are directly connected to the signal cable 210 and are stored along 
with the signal cable 210 in the signal cable storage 415. It should be appreciated that 
although the support cable storage 410 and the signal cable storage 415 are illustrated in a 
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common "spool" configuration, any method of storing a continuous length of cable known in 
conventional practice may be used 

The support cable 205 and the signal cable 210 are attached at one end by a zipper 
mechanism 420. As the support cable 205 is deployed from the support cable storage 410 
and signal cable 210 is removed from signal cable storage 415, the zipper mechanism 420 is 
guided in the direction of the spools 410, 415, thereby automatically attaching the support 
cable 205 with the signal cable 210. The zipper mechanism 420 can be any mechanism 
known in the art for automatically clamping two members in a zipping fashion. For example, 
the zipper mechanism 420 may comprise a plurality of clamps that are individually operated 
to attach the support cable 205 with the signal cable 210. The plurality of clamps may be 
located on the support cable 205, the signal cable 210, or both. Another example of the zipper 
mechanism is a Velcro-based solution. Yet another example of a zipper mechanism is strong 
thread that attaches the signal cable to the support cable by sowing, wrapping or knitting. 

Because the sensor module 220 and the electronics module 305 are attached to the 
signal cable 210 without tension, the signal cable 210 will be subjected to relatively gentler 
handling. Furthermore, this embodiment of the seismic cable 110 allows for greater 
operation depth and easier handling in adverse weather. The design also allows easier and 
faster replacement of component parts in the seismic cable 110. Still further, because the 
signal cable 210 and support cable 205 can be stored without tension, less space is needed in 
the signal cable storage 415 and the support cable storage 410, respectively. One important 
feature of this arrangement is that the signal cable 210 is handled and stored with virtually no 
tension. This creates an opportunity for the cable designer to avoid certain conflicting 
requirements like cable strength vs. unwanted inter-cable acoustic coupling. 
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Note that, in some embodiments, the electronics module can be carried as part of the 
support cable 205, as opposed to the signal cable 210. In such an embodiment, the support 
cable 205 comprises one or more electronics modules 305 (first shown in FIG. 3) connected 
to one or more leads in the support cable 205. The leads may be electrical or optical, 
depending on their purpose and the particular embodiment. The leads may be for 
transmitting data and power for the operation of the electronics modules 305. For instance, 
signal leads (e.g. the signal leads 240 shown in Figure 2C) may be used to transmit data from 
the electronics modules 305 to, e.g. 9 a computing device (not shown) located on the seismic 
survey vessel 105 (first shown in FIG. 1) or at the remote location. Similarly, leads may be 
employed for transmitting power from the survey vessel 105 to the electronics modules 305. 

One example of such a seismic cable 1 10 is illustrated in FIG. 5. The support cable 
205 and the signal cable 210 are manufactured together in one continuous unit and 
substantially enclosed by the protective outer covering 230. The signal cable 210 can be 
detached over short sections where the sensor modules (not shown in FIG. 5) are desired by 
pulling a rip-cord 505. Detaching the signal cable 210 from the seismic cable 110 leaves an 
empty groove 510. If the outer covering 230 is comprised of a thermoplastic, the rip-cord 
505 can be heated by electrical current, for example, to ease pulling the rip-cord 510. Once 
the signal cable 210 is detached, it can be terminated and connected to the sensor module 
220. The support cable 205, in the embodiment of BIG. 6, includes several signal leads 515 
(only one indicated) over which control and data signals may be transmitted and a power lead 
520 over which the electronic modules 320 may be powered. 
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FIG. 6 illustrates an alternative embodiment of the attachment mechanism 215 of 
FIG. 2 A. Aarm 610 separates the support cahle 205 from the signal cable 210 at a sufficient 
distance such that the support cable 205 and the signal cable 210 do not contact during 
deployment In alternative embodiments, the arm 610 may be rigid or semi-rigid. A semi- 
rigid arm 610 will flex along the direction of the signal cable 210 but be rigid in the direction 
of rotation about the signal cable 210. The arm 610 is attached to the support cable 205 by a 
clamp 615. The arm 610 should generally be attached loosely to the signal cable 210 such 
that excess torsion is not introduced into the signal cable 210. For example, as illustrated in 
FIG. 6, the arm 610 is attached to the signal cable 210 by a bearing 620 that allows the 
signal cable 210 to rotate freely around the signal cable 210 and move axially between two 
stop clamps 625. 

FIG. 7A and FIG. 7B illustrate another alternative embodiment in which the support 
cable 205 and the signal cable 210 are attached by the housings of the sensor modules 220 
themselves. The view in FIG. 7B is from the direction of the arrow 705 in FIG. 7A and 
sectioned along the line 7B-7B in FIG. 7A. As was alluded to earlier, the support cable 205 
is acoustically decoupled from the housing 710 of the sensor module 220 by a plurality of 
elastic devices 715 (only one indicated), such as springs, as is shown in FIG. 7B. In some 
alternative embodiments, the elastic devices 715 may be omitted. Note that a plurality of 
electrical connections 725 (only one indicated) are conceptually illustrated between the signal 
cable 210 and the sensor module 220. 

The elastic devices 715 are positioned between the support cable 705 and the sensor 
housing 710 in the groove 720 defined by the sensor housing 710 and through which the 
support cable 205 runs. Such decoupling techniques are known to the art, and one is more 
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fully disclosed in International Patent WO0214905, published February 21, 2002, in the name 
of James Martin, Nicolas Goujon, Frederik Naes, and Rune Voldsbekk.., and entitled "A 
HOUSING FOR A SEISMIC SENSING ELEMENT AND A SEISMIC SENSOR." 
However, other techniques may also be employed in alternative embodiments. For instance, 
some embodiments, the support cable is decoupled from the sensor housing 710 by being 
permitted to slide freely through the groove 720 relative to the sensor module 220. 

The present invention facilitates acoustic decoupling of the sensor modules 220 — and, 
hence, the sensors — from the stress member 205, which is rigid and under tension, and 
therefore improves the data quality recorded by the system 100. The various embodiments 
described herein provide a robust cable 110 capable of being subjected to rough handling 
when the cable 110 is deployed and/or retrieved. The robust cable 110 is further capable of 
being subjected to great water depth and pressure. Although the cable 110 is substantially 
robust, the cable 1 10 delivers higher data quality than previous cables. More particularly, in 
its various aspects and embodiments, the invention provides the following advantages over 
the state of the art: 

higher reliability of the connections to the sensor modules 220, as takeouts are 
eliminated; 

reduced numberof connections; 

increased cable strength as terminations of the stress member 205 are 
eliminated; 

improved sensor-to-ground coupling due to the smaller and lighter sensor 
module 220; 

more precise data recording independent of how the sensor module 220 rests 
on the seafloor due to axial symmetry of the cable 110 and sensor module 220; 
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mechanical decoupling between the sensor module 220 and the support cable, 
thus freeing the sensor module 220 from the stresses on the stress member 205 
and improving data quality; 
high data quality independent of water depth; 

higher possibility for the same axial symmetry for the cable 110 as for the 
sensor module 220 and for positioning the sensor module 220 closer to the 
center of gravity of the sensor module 220 — thereby providing consistent and 
repeatable independent of how the sensor module 220 lies on the seafloor; 
higher modularity of cable construction providing increased reparability, 
reconfiguration possibilities, improved depth-appropriate assembly, and even 
the possibility of omitting stress carrying support for shallow water operations; 
easier handling procedures, as the stress member 205 and the signal cable 210 
can be separated for storage and shipping; and 

safer handling for components since the sensor module 220 can be stored 
separately from the stress member 205, thereby reducing danger to the sensor 
module 220 from tension on the stress member 205. 

Note that not all of these advantages will be realized in every embodiment of the invention. 

Still other advantages may become apparent to those skilled in the art having the benefit of 

this disclosure. 

This concludes the detailed description. The particular embodiments disclosed above 
are illustrative only, as the invention may be modified and practiced in different but 
equivalent manners apparent to those skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the details of construction or design 
herein shown, other than as described in the claims below. It is therefore evident that the 
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are considered within the scope and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims below. 
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CLAIMS 



1 i # A seismic cable 9 comprising: 

2 a support cable; and 

3 at least one sensor module disposed on a signal cable, the signal cable being attached 
a to the support cable at a plurality of points spaced *long the length of the signal cable 
5 whereby the or each sensor module is disposed substantially at a predetennined location 
.6 along the length of the seismic cable, 

7 

1 2. The seismic cable of claim 1, farther comprising a first sheafh enclosing the 

2 support cable and the signal cable. 

1 3. The seismic cable of claim 2, wherein the first sheath comprises at least one of 

2 is a skin, a jacket or an extrusion matrix. 

i 4. The seismic cable of claim 1 , wherein the support cable includes a plurality of 



1 5. The seismic cable of claim 4, wherein the strengthening members are cabled 

2 by a second sheath. 

1 6. The seismic cable of claim 1, wherein the support cable includes at least one 

2 of a signal lead and a power lead. 

1 7. The seismic cable of claim 6, further comprising an electronics module 

2 powered over the power lead and capable of transmitting data over the signal lead. 

i g. The seismic cable of claim 7, wherein the support cable is sectioned. 
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1 9. The seismic cable of claim 1 , wherein the signal cable includes a plurality of 

2 leads cabled by a ttiird sheath. 

-j !0. The seismic cable of claim 1, wherein the signal cable includes at least one 

2 strengthening member. 

, 1 1 , The seismic cable of claim 1, further comprising a plurality of sensor modules 

2 electrically connected to the signal cable. 

1 12. The seismic cable of claim 1, wherein the sensor modules transmit data and 

2 receive power over the signal cable. 

1 13. The seismic cable of claim 1, ftuther comprising: 

2 a plurality of sensor modules electrically connected to and distributed along the signal 

3 cable; and 

4 a plurality of electronics modules by which the signal cable is attached to the support 

5 cable at the points. 

i 14. The seismic cable of claim 1, wherein the electronics modules are elecMcaUy 

z connected to the signal cable at the points and mechanically connected to the support cable. 

1 15. The seismic cable of claim 1, wherein the signal cable is attached to the 

2 support cable by a zipper mechanism, 

1 1$ The seismic cable of claim 1, wherein the plurality of points are spaced along 

2 the length of the signal cable in proportion to a length of the sensor module. 

! 17. The seismic cable of claim 16, wherein the plurality of points are positioned 

2 between adjacent sensor modules 
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18. The seismic cable of claim 16, wherein the separations are created by pulling a 
z np cord fabricated in the seismic cable to detach the signal cable from the support cable. 

1 The seismic cable of claim 1, further comprising a plurality of aims 

2 mechanically affixed to the support cable and rotationally connected to the signal cable to 

3 attach the signal cable to the support cable at the points. 



2<X The seismic cable of claim 19, wherein the arms are at least one of rigid and 
2 semi-rigid aims. 

1 21- The seismic cable of claim 19, wherein the arms are mechanically fixed by a 

2 plurality of clamps. 

22. The seismic cable of claim 19, wherein the arms are rotationally connected by 



2 



23. The seismic cable of claim 19, further comprising a plurality of stops 
restrainiug movement of the rotational connection along the length of the signal cable. 



24. The seismic cable of claim I, further comprising a plurality of sensor modules 

2 electrically connected to and distributed along "the signal cable and by which the support 

3 cable and the signal cable are joined. 



.25.. The sjrismic cable of 24, wherein the support cable passes through a groove in 



2 the sensor modules. 

1 26. The seismic cable of claim 1, wherein each of the sensor modules comprises a 

2 housing defining a groove therethrough through which the support cable runs. 
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, c^f 27. The seismic cable of claim 26, wherein the support cable is acoustically 
decoupled from the housing by a plurality of elastic devices. 

, 28. The seismic cable of claim 26, wherein the support cable is acoustically 

2 decoupled from the housing by fieely moving through the groove relative to the sensor 

3 module. 

29. A method for assembling a seismic cable, comprising attaching a support 
cable to a signal cable at a plurality of points spaced along the length thereof. 

30. The method of claim 29, wherein attaching the support cable to the signal 
cable includes mechanically connecting an electronics module to the support cable and 
electrically connecting the electronics module to the signal cable, 

x 31. The method of claim 29* wherein attaching the support cable to the signal 

2 cable includes zipping the signal cable to the support cable at the points. 

1 32. The method of claim 29 3 wherein attaching the support cable to the signal 

2 cable includes separating the support cable, and the signal cable between the points. 

i 33. The method of claim 32, wherein separating the support cable and the signal 



f i 

2 
3 



2 cable includes pulling a rip-cord. 



34- The method of claim 29, wherein attaching the support cable to the sensor 
includes mechanically affixing at least one of a rigid and a semi-rigid arm to the support 
cable and rotationally connecting the respective rigid or semi-rigid arm to the signal cable at 



4 each of the points. 
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*v 35. The method of claim 29, wherein attaching the support cable to the signal 

2 cable includes connecting the support cable to the signal cable by a plurality of sensor 

3 modules. 
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Figure 7B 



